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I Although the role of the kidney in the production of 
11 hypertension has long been emphasized, it was not until t he 
II 
II 
II 
II 
II 
:I 
last fifteen years that physiologists acknolwedged t hat the 
ne rvous system plays an important part in the genesis of 
hypertension. 
The factors which control the tone of the blood vessels 
also influence the blood pressure. Therefore, in order to 
describe how the blood pressure is elevated and how it is 
normally regulated, it is considered necessary to present at 
f i rst the vasomotor control of the blood vessels. 
The purpose of this thesis is to present the neurogenic 
factors of hypertension. Much of the experimental neurogenic 
I 
~ hypertension has not in many instances been reported to 
II 
i . 
I 
I, 
occur in man. An attempt is made to differentiate the factors 
which are responsible for hypertension in man from those which 
il 
are produced in the laboratory. 
1. 
II • VASOMOTOR CONTROL OF THE BLOOD VESSELS 
A. Arteries and Arterioles 
1. Nervous Control 
Claude Bernard (1851), who is responsible for some of the 
present concepts of the vasomotor system, showed that upon 
section of the cervical sympathetic nerves, dilatation of the 
vessels of the rabbit's ear resulted; when he stimul ated the 
peripheral end of these nerves, vasoconstriction occurred. The 
increased temperature of the ear which resulted from vasodila- 1
1 tion led him to believe at first that these nerves controlled 
heat production. In 1858, he showed the presence of vasodila-
tor nerves by finding that an increased blood flow through the 
submaxillary gland resulted upon stimulation of the chorda 
tympani. 
Blood vessels are constantly affected by two distinct 
influences: the vasoconstrictor and the vasodilator mechanisms. 
Dittmar (1870) located the bulbar vasoconstrictor center when 
he removed all the brain above the medulla and got a rise in 
blood pressure upon stimulation of the central end of the 
sciatic nerve. Ranson and Billingsley (1916 a,b,c) found by 
stimulating in the region of the floor of the fourth ventricle 
in cats that a rise and fall of blood pressure occurred, aug-
gesting two types of centers. They stimulated this medullary 
area and other areas of the brain and got pressor and depressor 
effects only in the medullary area. Scott and Roberts (1923) 
2. 
and Scott (1924) confirmed the above location of the vasomotor 
centers. 
The spinal cord may contain centers responsible for vas-
cular tone since in spinal animals some recovery of vascular 
tone is evident. In cats Yates (1921) sect1oned the spinal 
cord at different levels below the first thoracic segment and 
reported that the blood pressure recovers to a degree dependent 
upon the position of the se c tion and the length of time allowed 
for recovery. The recovery is mai n l y due to the influence of 
the bulba r centers. The spinal cord below the transection does 
not provide the recovery of vascular tone that is influenced by 
the bulbar centers; thus Yates considers these spinal centers 
as being comparatively unimportant. Dale and Evans (1922), on 
the other hand, showed that in spinal animals there was some 
vasomotor influence mediated in the spinal cord when a higher 
blood pressure resulted upon transection of the third cervical 
than of the first cervical segment. Moreover, McDowall (1935) 
stated that the greater the area of the spinal cord that is 
sectioned, the greater is the effect on the blood pressure; 
cervical cord section will cause a greater drop in blood 
pressure than section at lower levels of the cord. 
Gaskell (1886} reported that vasoconstrictor fibers 
originated from cell bodies in the lateral horn of the spinal 
cord. Ranson and Billingsley (1916 b) showed that the vaso-
constrictor efferent pathway is via the antero-lateral column 
of the spinal cord. McDowall (1935) suggested that the 
3. 
majority of the vasoconstrictor fibers leave the sympathetic 
trunk via the gray rami and enter the spinal nerves to be dis-
. 
tributed with the regular somatic nerves. He also pointed out 
that in regions of the head, neck and abdomen, the vasocon-
stricter sympathetic fibers are distributed on arterial blood 
vessels, but he was uncertain about the nervous supply to the 
extremities, especially the capillary constrictor mechanism. 
Although Laffont (1880) was the first one to suggest the 
existence of a vasodilator center, Ranson and Billingsley 
(1916 a,b,c) definitely established its location. They claimed 
that in the cat the vasodilator center was at the ex treme post-
erior end of the fourth ventricle 3 mm. from the vasoconstric-
tor center. Stimulation here always produced a depressor 
effect. Scott and Roberts (1923) and others confirmed this. 
McDowall (1935) described two types of vasodilator mechanisms: 
(1) a general dilator mechanism, which enhances the vasodilator 
center but inhibits the vasoconstrictor center and (2) a local 
dilator mechanism which is unaffected by an increased vasocon-
stricter activity. Attempts to locate spinal vasodilator cen-
ters have met with little success. McDowall suggested that 
these centers exist in animals and man or may be the apex of 
local reflex arcs. 
The vasodilator mechanism is influenced also by cerebral 
I . 
stimulation. Examples of this are blushing, electrical stimula-
tion of certain areas of the brain, and the process of fainting. 
The latter is the most pronounced of the three; the loss of 
consciousness is ascribed to the overall drop in arterial 
pressure (McDowall, 1935). 
4. 
Ranson and Billingsley (1916 a,b,c) reported that the 
efferent pathway of the vasodilator fibers is via the antero-
lateral columns of the spinal cord along with the constrictor 
fibers. 
ways: 
From the central nervous system there are three path- I 
(1) special nerves (as the chorda tympani), {2) po s·terioi 
nerve roots and (3) sympathetic nerves, especially the thoraco-
lumbar nerves. Anrep and Evans (1920) confirmed the chorda 
tympani pathway. Krogh (1921) re ported that stimulation of the 
sciatic nerve of a frog caused vasodilatation of the hind limb, 
but a strong stimulation produced vasoconstriction. In such a 
mixed nerve the vasoconstrictor response was usually found to 
be more effective upon general stimulation. Martin and Jacoby 
(1922) reported that whether nervous stimulation in man pro-
duces vasoconstriction or vasodilation depends upon the number 
of impulses reaching the vasomotor center, with the greater 
number of afferent impulses causing vasoconstriction . This was 
also suggested by McDowall (1935). In confirmation of the pos~ 
erior root efferent vasodilator pathway, Ranson and Wightman 
(1922) showed that stimulation of the distal end of the cut 
posterior roots of the sixth and se venth llimbar nerves caused 
vasodilatation of the hind limbs; such results were also re-
corded by Hinsey and Gasser (1930). While Hinsey and Gasser 
consider that these nerves are comparable to Bayliss's anti-
dromic fibers, Ranson and Wightman do not consider these 
5. 
dilator fibers are antidromic except in the region of the 
dorsal root where they may connect with sensory cells of the 
spinal ganglion. No evidence is available, however, which 
proves that there are dilator fibe~ connections with the sen-
sory cells. McDowall (1935) suggested that the posterior root 
fibers probably join the ordinary mixed nerve, but may first 
pass to the sympathetic chain before distribution wi th the 
mixed nerve. Gaskell (1916) suggested that the muscular vaso-
dila.tor fibers reached the mixed nerve via the anterior roots. 
Dale (1906) injected ergotoxine to inhibit the vasocon-
strictor action and showed that vasodilators are present in 
sympathetic nerves; he stimulated the sympathetic nerves to 
the intestine and hind limbs and got vasodilatation in these 
two areas. This was confirmed by Burn ( 1932). Carlson ( 1907) 
and Gesell (1919) reported that cervical sympathetic stimula-
tion in cats produced in most cases an increased venous flow 
from the vessels of the submaxillary gland. Langley (1923) 
stimulated the lumbar sympathetics of a cat and got vasodilata-
tion, after peripheral constriction, in the vessels of the foot 
pad. It has not been clea~ly shown how the dilator fibers of 
the posterior roots pass to the lower part of the SJ1lllpa the tic 
trunk and then to the hind limbs. Burn (1932) was able to 
produce dilation of the hind foot of the dog, but not of the 
cat, upon s~pathetic stimulation. Lewis and Pickering (193i) 
reported mixed nerves to the arms and legs. McDowall (1935) 
concluded that in certain areas of the sympathetic trunk there 
are vasodilator fibers. Noted also was that a difference in 
response to stimulation existt ; ·. among different species. 
6. 
There are many conflicting data concerning the results of 
stimulat1.on of a mixed nerve. Martin and Mendenhall (1915) 
reported that upon stimulation of the central end of mixed 
nerves, the pressor re.t'lex responded later than the depressor 
reflex and attributed this to the fact that the pressor re-
flexes contain a depressor component which had to be overcome 
in order to produce vasoconstriction. Vincent and Thompson 
(1928) reported that a weak or slow stimulation of a mixed 
nerve produced a lowered blood pressure of the muscular 
vessels, confirming other workers who claimed tl~t varying the 
degree of stimulation produces a difference in response. Also 
demonstrated by these workers was that stimulation of a few 
branches of the sciatic nerve caused a fall in blood pressure, 
whereas stimulation of the whole sciatic brought a rise. How-
ever, McDowall ( 1935) measured the chronaxies of the vasodila-
tors and vasoconstrictors and could find no difference between 
the excitability of the two nerves and suggested perhaps slower 
stimulation affected fewer nerve fibers. He also claimed that 
mixed nerve stimulation exci tea both types of fibers. and no 
reciprocity of the medullary centers occurs from such stimula-
tion. This was contradicted by Bazett (1941), who celaimed that 
vasoconstrictor and vasodilator effects appear to act in an 
algebraic summation, and reciprocity results upon vasomotor 
! stimulation; as vasoconstrictor impulses are decreased the 
7. 
vasodilator impulses are increased. 
Rosenbleuth and Cannon (1934) presented evidence that the 
vasodilator system is of three main types; (1) sympathetic 
dilators to muscles, especially the striated. ones, (2) para-
sympathetic dilators to special local areas and (3) dorsal root 
dilators to the skin and viscera. McDowall (1935) reported 
that during muscular activity metabolites are produced which 
may cooperate in some unknown manner with nervous stimulation 
to allow for an increased ~lood flow. Since the heart and 
blood vessels are both affected during exercise, he suggested 
that any afferent stimuli which affect the vasodilator center 
also stimulate the vagus center to bring about an overall f'all 
in blood pressure and vasodilatation. The blood pressure, how-
ever, is still high during exercise despite the compensatory 
depressor effects; thus, McDowall suggested that the vasodila-
tor mechanism may serve other purposes than relief of the heart ' 
It may be concerned with regulation of the blood volume since 
the greater is the vasodilator effect, the more blood is avail-
able in the vessels at a low blood pressure for use during 
muscular exercise; at the same time the vessels of unused areas 
(skin and viscera) are closed. 
Bruce {1919) postulated the axon reflex to explain vaso-
dilatation, especially of the cutaneous blood vessels. Using 
mustard oil to produce an inflammatory reaction, he reported 
that the axon reflex occurs after the sensory nerve has been 
cut providing the distal portion does not degenerate. The 
8. 
peripheral portion of the sensory nerve axon has collaterals to 
arterioles and capillaries, and causes upon stimulation a vaso-
dilatation. This is somewhat comparable to Bayliss's work in 
which stimulation of a dorsal root "antidromic" fiber caused a 
local vasodilatation in the skin supplied by the nerve. Krogh 
(1921) has reported on the frog's tongue that the axon reflex 
occurred in capillaries as well as arterioles and ~eported that 
general vasodilatation followed local vasodilatation. No one, 
however, has proven that this capillary reaction occurs in man. 
The nervous control of blood vessels is not regulated by 
two distinct mechanisms alone, such as a "sympathetic" vaso-
constrictor and a "parasympathetic" vasodilator mechanism. In 
the light of recent evidence such a distinction has been dis-
proven. There are many differentiations involved which control 
vascular tone; these are divided into six groups by Bazett 
(1941):: (1) SJ1lllpathetic "vasoconstrictor" fibers which are 
adrenergic; {2) parasympathetic "vasoconstrictor" f i bers which 
are cholinergic {vagus-coronary innervation); (3) parasympa-
thetic 11 vasodila tor" fibers which are cholinergic ( cranio-
sacral nerves); {4) sensory and posterior root "vasodilator" 
fibers which are cholinergic (antidromic and axon reflex); 
(5} sympathetic "vasodilators" which are cholinergic· (mixed 
nerves as splanchnics and abdominal sympathetics); and {6) 
sympathetic "vasodilators" which are adrenergic (sympathetic-
coronary innervation). Thus although fibers are sympathetic 
anatomically, they may be cholinergic and dilator functionally. ~ 
9. 
Bazett noted also that many vessels do not have a vasodilator 
innervation and so do not take part in the reciprocal innerva-
tion t hat occurs with the majority of the vessels. He also 
pointed out that reflex production of vasoconstriction may be 
accompanied by increased adrenali n secretion and tha t arteri-
oles in general are affected by metabolites, vasoendocrine 
secretions, as adrenalin, and by temperature change s . The 
mediator at the nerve terminations upon stimulation a ppears to 
be a major factor in the maintenance of vascular tone. The 
vasoconstrictor impulses augment t he intrinsic tone of the 
muscular coat of the arteries and arterioles; whereas the vaso-
dilator impulses inhibit this intrinsic vascular tone. 
2. Chemical Control 
The role of carbon dioxide in maintaining norma l function 
of t he vas oconstrictor center was demonstrated by Da le and 
Evans (1922). Hooker, Wilson and Connett (1917) and Henderson 
(1909, 1920) reported that carbon dioxide inhalation caused a 
rise in blood pressure as a res ult of stimulation of the vaso-
motor center. Henderson (1920) also showed that pulmonary 
over-ventilation in anesthetized animals and man produced a 
loss of carbon dioxide which brought about a marked fall in 
blood pressure; the shock which frequently followed was re-
lieved by a replenishment of carbon dioxide. Dale and Evans 
(1922) sho wed that over-ventilation with expired air, which 
contained carbon dioxide, did not cause a drop in blood pres-
sure as occurred with over-ventilation with ordinary air, thus 
10. I 
proving that carbon dioxide has a .positive effect on vascular 
tone. They also proved that alkalization and acidification 
did not stimulate the vasoconstrictor center as greatly as 
carbon dioxide, which they attribute to the higher degree of 
penetration of carbon dioxide through cell membranes. 
McDowall (1935) stated that over-ventilation in man does not 
necessarily effect a decreased blood pressure because of the 
compensatory vasoconstriction which results from the mental 
effort of over-ventilation and loss of peripheral carbon 
dioxide. He stated that constriction of peripheral capilla-
ries is a result of the loss of normal "vasodilator" action by 
carbon dioxide on these saaller vessels. The discre te respon-
ses that result in a reflex compensation from over-ventilation 
in man have not been clearly defined. 
Still not completely verified is the reported eff ect of 
carbon dioxide on the spinal centers. Sherrington (1909) and 
Cathcart and Clark (1915) stated that carbon dioxide stimula-
tion of spinal cells caused a rise in blood pressure. However, 
Kaya and Starling (1909) reported that the spinal centers re-
acted to carbon dioxide only when there was a decrea se in the 
oxygen consumption. The latter observation requires further 
confirms. tion. 
Deficiency in oxygen has been reported to have a direct 
eff ect on the vasoconstrictor center (McDowall, 1930). In 
later work, McDowall (1935) concluded that carbon dioxide was 
a greater stimulant than oxygen lack of the vasoconstrictor 
11. 
center. A few workers stated that oxygen lack affects also the 
vasodilator center since vasodilatation followed the carbon 
dioxide effect; however, McDowall (1935) questioned such find-
ings, stating that the resulting vasodilatation was due to the 
' anesthetizing effect of large amounts of carbon dioxide. It is 
agreed that a deficiency of oxygen produces the same experi-:-
mental results but not to the same degree as an increase in 
carbon dioxide upon the vasomotor centers. However, too much 
carbon dioxide acts as a depressant. 
Dale and Richards (1927) observed that small doses of 
adrenalin caused vasodilatation. Burget and Visscher (1927) 
pointed out that the threshold value of the concentration of 
adrenalin which produced vasoconstriction and not vasodilata-
tion was mostly dependent on the pH of the blood. The more 
alkaline the blood the less concentrated the adrenalin has to 
be to cause vasoconstriction; thus t here is a lower threshold 
with a high pH. Bazett (1941) noted that during exercise much 
acidity develops in the muscles, and muscular vasodilation re-
sults, which is due to the moderate doses of adrenalin acting 
in acid blood. Adrenalin in weak doses causes vasodilatation; 
in strong concentrations, it causes vasoconstriction; and in 
moderate doses it effects a vasoconstriction of the visceral 
and skin vessels and dilatation of the muscular vessels. How"'7 
ever, adrenalin affects the coronary vessels in just the oppo-
site manner (Bazett, 1941). 
It is generally agreed that pitressin, a pituitary vaso-
12. 
pressor substance, also causes vasoconstriction. I Acetylcholine 
on the other hand, acts opposite to adrenalin, having a general 
dilator action on arteries and arterioles but constricting 
coronary vessels, and is similar to the chemical substance at 
vasodilator nerve terminations. 
A possibility exists that nucleic acid compounds are 
strong vasodilators since they are found in venules in the 
muscles after exercise (Drury, 1936). 
Histamine has long been known to cause vasodilatation. 
Burn and Dale (1926), however, reported that histamine also 
causes constriction of the large arteries of most mammals. 
The extent of this constriction requires further observation. 
McDowall (1935) reported that histamine injection or severe 
heat causes a blistering effect on the skin which is surround-
ed by a flare. Lewis and Zotterman {1926) stated t hat almost 
any strong chemical and ultraviolet light produce a flare 
reaction. Lewis, Grant and Marvin (1927) suggested that in all 
cases of such skin reactions a chemical substance is freed 
which is histamine-like in nature and can produce a "triple 
response" of white line, flare and wheal, depending on the 
strength of stimulation. Krogh and Rehberg (1927) reported 
that the flare is under nervous control to some degree also, 
since cutting the nerve to the irritated area reduced the 
reaction. 
Chemical control of blood vessels may be mediated some-
what by thyroid and parathyroid secretions. Vincent and 1/ I 
I 
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Thompson (1928) reported that the parathyroid glands in decere-
brate animals limit the secretion of a vasoconstrictor sub-
stance. McDowall (1935) reported similarly that removal of the 
thyroid and parathyroid glands appears to cause a greater irri-
tability of the central nervous system. The extent of the ir-
ritability was not mentioned. The role of these .glands in re-
gard to chemical control of the vessels needs further clarifi-
cation, and the role of other glands of the body, as the coc-
cygeal bodies and kidneys, in the chemical control of vascular 
tone remains to be established. 
3. Effect of Temperature Changes 
Temperature changes have a direct effect upon vasomotor 
nerves and blood vessels - both innervated and denervated. 
Cold stimuli generally produce vasoconstriction and a decreased 
blood flow, while warm stimuli effect vasodilatation and an in-
creased blood flow. Howell, Budgett and Leonard (1894) claims 
that the vasoconstrictor nerves were more susceptible to tern-
perature changes than the vasodilators; and other early workers 
stated that the vasodilator effect lasted longer than the vaso-
constrictor effect as a result of temperature changes (McDowall 
1930). These findings are still being investigated. 
Gibbon and Landis (1932) showed that by immersing the 
forearms in warm to hot water, the legs after a latent period 
of five to ten minutes showed a marked redness and an increase~ 
temperature, both of which resulted from vasodilatation. I 
----====~============================================================~======= 
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McDowall (1935) observed that when one hand was placed in warm 
water, the other hand showed vasodilatation after an initial 
vasoconstriction, and conversely, when immersed in cold water, 
the vessels of the other hand constricted. There appears to be 
a general agreement on the reflex nature of the temperature 
J effect on the circulation. 
1 Munk ( 1910) claimed that when the temperature got too hot 
1 and pain resulted, vasoconstriction and not vasodilation oc-
1 
curred. On the other hand, Bazett (1941) claimed that if local 
changes in temperature are sufficient to threaten tissue damage 
and cause pain, "axon reflexes" may be involved which may bring 
about arteriolar vasodilatation regardless of whether it is an 
extreme hot or cold stimulation. Due to t he complex mechanism 
involved as a result of pain stimulation, tissue damage and 
local axon reflexes, further experimentation is required to 
clarify the effect of excessive temperature changes. 
Temperature changes affect also tissue metabolism and the 
pH of the blood; as the temperature gets increasingly warmer, 
the rate of metabolism, cardiac rate and rate of blood flow are 
increased. An increased metabolism may cause a greater accumu-
lation of acids in the blood along with some vaso-endocrine 
secretions. Tem!=6 rature changes may be dependent on these 
secondary chemical effects or on reflex reactions to alter vas-
cular tone. Bazett (1941) pointed out that thermal stimuli may 
cause an increase of 10-20°C or more at the peripheral parts of 
i the body. Such an effect can greatly alter the tone of the 
I 
I 
vessels. 
B. Capillaries 
1. Neuro-motor Mechanism 
15. 
Dale and Richar~s(l918) and Krogh (1919) demonstrated that 
capillaries are very important in the control of the circulation 
have a vasomotor innervation, and are capable of changing in 
caliber upon stimulation. Krogh further stated that capillaries 
are partly responsible for producing peripheral resistance. 
Likewise, Hooker (1920) showed in the rabbit's ear that capil-
laries change in diameter upon stimulation of the cervical 
sympathetics. Krogh (1920) remarked that although arterioles 
in the frog's web circulation will contract, it does not neces-
sarily mean that capillary contraction will follow, suggesting 
an independent mechanism that maintains capillary tone. More-
over, Doi (1920} sti~ulated the posterior roots of the frog to 
cause dilatation of the capillaries and reported this to be an 
"active" dilatation since he was able to dilate further capil-
laries already treated with acetylcholine. It can be said that 
some capillary mechanism exists which appears to be responsive 
to nervous stimulation. 
Fulton and Lutz ( 1940) found in the frog 1 s retrolingual 
membrane modified smooth muscle cells confined to the capillary 
origins with an occasional smooth muscle cell along the course 
of the capillary; none was found at the venous end of the capil-
lary. Brief faradic stimulation of small vasomotor nerves pro-
duced in the small blood vessels, including the capillary 
I 
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origins, a diphasic response of dilatation followed by con-
striction. Usually, however, weak stimulation effected vaso-
dilatation, whereas strong stimulation caused vasoconstriction. 
These workers suggested that the nerve stimulated may contain 
vasodilator and vasoconstrictor fibers with the former having 
a lower threshold. However, they also pointed out that sepa-
rate nerves may exist, since in some cases only one type of 
response was evoked upon all degrees of stimulation. Contra-
dicting Krogh (1920, 1929), who postulated independent activity 
of capillaries in general, these workers stated that only the 
capillary "origins" respond to stimulation independently of 
the larger supplying vessels; contractile pericapillary cell 
nuclei at the capillary origins were shown by a methylene blue 
preparation in support of this data. 
Clark and Clark (1940) noted along with earlier workers 
that the endothelial nuclei swelled into the lumen, blocking up 
the passages of the capillaries in the tadpole's tai l. How-
ever, in later work (1943) these workers reported that they 
failed to see capillaries constrict or dilate in the rabbit's 
ear and in adult amphibians and concluded that true capillaries 
do not actively respond to stimulation. Fulton and Lutz (1942) 
denied active capillary constriction and dilatation and reject-
ed the phenomenon of endothelial valves as reported by Kahn and 
Pollack (1931) and others. Fulton and Lutz (1942) reported in 
the frog preparation syncytial smooth muscle segment s on small 
blood vessels. Upon stimulation of the small nerves to the 
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capillary origins, they obtained a "spatially-limited 11 di phasic 
response and concl~ded that the perivascular nerve plexus, 
which was sparse compared to that of the supplying arteriole, 
was anatomically continuous but not so functionally. The lim-
ited response suggested aRso that smooth muscle motor-units are 
part of the structure of capillary origins. Fulton (1941) and 
Lutz (1942) presented further evidence in the frog retrolingual 
preparation that contractile elements were confined to the cap-
illary origins and responded to stimulation of either the vaso-
motor nerves or the walls of the vessels, themselves. The peri-
vascular cells beyond the origins were inactive. The diphasic 
response occurred in a limited area, and often the resulting 
! vasoconstriction was a portion of the area originally dilated. 
I Since the san:e responses above were obtained before and after 
cocainization; Fulton and Lutz concluded that the small blood 
! vessels were made up of syncytial smooth muscle motor-units and 
I reiterated that the nerve plexus to the capillaries was physio-
i logically but not anatomically discontinuous. The capillary 
origins according to Fulton and Lutz act in a sphincter-like 
manner to regulate blood flow t h rough the capillaries. Whether 
in the normal circulation the sphincter mechanism is under a 
[nervous control or humoral control or both remains for future 
,work to decide. How much this evidence of sphincteric activity 
I jand the concept of smooth muscle motor-units are applicable to 
1 the human capillary circulation has yet to be established. 
! 
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2. Chemical Effect 
Dale and Richards (1918) noted that blood vessels, includ-
ing capillaries, after denervation generally become more sensi-
tive to chemical influences. Cotton, Slade and Marvin (1915-
1917) observed -that adrenalin produced a marked constriction 
of capillaries and venules. However, Bazett (1941) stated that 
moderate doses of adrenalin caused capillary dilatation, where-
as very strong doses caused capillary constriction and added 
that small amounts of adrenalin may assist in maintaining capil 
lary tone. Whethe_r the extent to which adrenalin causes a con-
1 striction or a dilatation of capillaries is dependent also on 
the pH of the blood, as re ported by Burget and Visscher ( 1927) 
in the case of arteries and arterioles, has not been determined 
Although the above workers reported active capillary constric-
tions and dilatation, no direct evidence was produced to sub-
stantiate this. 
Krogh (1929) suggested that capillary tone is partly main-
tained by a pituitary vasopressor substance in the circulatnon; 
removal of the pituitary in the frog caused dilatation of the 
capillaries and injection of an extract from this gland pro-
duced a capillary constriction. However, McDowall (1935) doub 
ed that capillary constriction reported ' by Krogh was definitely 
due to the pituitary extract because in perfusion experiments 
vascular tone can be maintained by a number of chemical agents, 
as alkaline Ringer's solution, other salts, acids, and adren-
alin. Bazett (1941) reported that pitressin acts to effect a 
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prolonged capillary contraction. More evidence, however, is 
required to determine the importance of pitressin to vascular 
tone. 
McDowall (1930) reported that carbon dioxide normally 
causes capillary dilatation. It has been generally accepted 
that carbon dioxide causes capillary dilatation; oxygen lack, 
on the other hand, may also have the same effect or indirectly 
induce formation of a metabolite which will dilate these ves-
sels (Bazett, 1941). 
Dale and Richards (1918) and Burn and Dale (1926) have 
proven that histamine and histamine-like substances dilate 
capillaries in most mammals. Menkin (1936) claimed that the 
"immediate" local vasodilatation and increased capillary per-
meability which resulted from injection of an inflammatory 
substance was not histamine but some other amino ac i d. Lewis, 
Grant and Marvin (1927) reported that the "flare" which oc-
curred upon stroking the skin or injecting strong chemical 
agents was due to the liberation of a substance similar to 
histamine, which can produce a triple response. Bazett (1941) 
stated that the flare is partly due to capillary dilatation, 
which contradicts many workers who claim that the flare is 
purely an arteriolar dilatation. There is little doubt that a 
great deal of evidence is needed to clarify the relationship 
of chemical agents and vascular tone of capillaries. Active 
capillary dilatation and constriction by either nervous or 
chemical stimulation have not been observed directly. 
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3. Temperature Effect 
Goldschmidt and Light (1925) reported that upon immersion 
of the hand in water below 10° C, the capillaries dilated as 
shown by the redness of the skin, but the larger vessels, arte-
rial and venous, constricted to give a low skin temperature. 
Upon immersion in water above 40° c., the whole vascular bed was 
dilated, resulting in an increased blood flow and skin temper-
ature. Bazett (1941) pointed out that the temperature of the 
skin varies with the blood flow; a warm skin temperature means 
a rapid cutaneous circulation. Ir-,· however, the skin is warm, 
but 11 pale 11 then the capillaries and venules are constricted but 
not the arterioles; if it is warm and red the whole vascular 
bed is opened; and conversely, a cold red skin means that the 
arterioles are constricted but that the capillaries are dilated 
It can be concluded from this that the tone of the arterioles 
rather than that of the capillaries determines the temperature 
of the skin, while capillary tone determines the co l or of the 
skin. There is general agreement that warm stimuli produce 
capillary dilatation, and cold stimuli cause constriction. 
However, Bazett pointed out that extreme cold temperatures can 
produce a paralytic type of dilatation. Still to be determined 
is Whether the capillary constriction and dilatation reported 
above are active or passive. 
4. osmotic Pressure Balance 
Substances of low molecular weight, as water, salts and 
gases, are allowed to pass through the thin endothe l ial 
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structure of capillaries to the tissue spaces. Those substances 
which are too large to escape through the walls, especially the 
large plasma protein particles, exert an osmotic pressure, whic 
attracts water and salts from the tissue spaces into the capil-
laries until a hydrostatic pressure is built up that distends 
the vessels and equalizes the colloidal osmotic pressure 
(Bazett, 1941). The pressure of any part of a capillary is 
determined by the resultant pressure between the osmotic and 
hydrostatic pressures. As the concentration of tissue proteins 
is less than the concentration of the plasma proteins, there is 
an effective osmotic pressure resulting from the tendency to 
absorb fluid into the capillaries. The filtration pressure, 
r 
1 created by the capillary hydrostatic pressure, acts against 
this absorption. Should t he hydrostatic pressure be greater 
than the osmotic pressure, then plasma fluid would escape into 
the tissues, and conversely tissue fluid would be absorbed when 
the osmotic pressure is greater. 
Plasma fluid passes into the tissues at the a~teriolar end 
of the capillary, and tissue fluid is absorbed into the plasma 
at the venous end of the capillary. This is due to the fact 
that a great hydrostatic pressure exists at the arteriolar end 
while a large absorption pressure is at the venous end. Rous, 
1 Gilding and Smith (1930) postulated that the arteriolar end of 
' 
,. a capillary is relatively impermeable while the venous end of a 
li 
II 
capillary is increasingly permeable. This may explain in part 
why the filtration pressure is the greatest near the origin of 
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. the capillary; however this theory lacks substantial confi.rma-
tion. 
Landis (1928) has shown in the frog that oxygen lack 
alters the normal pressure gradients of the capillaries as well 
as capillary permeability. He reported that anoxia caused a 
reduced osmotic pressure and damage to the capillary endothe-
lium with the result that even the large protein particles were 
able to ·filter out. It can be said that any factor which will 
alter the normal fluid transf'er between the ·capillaries and the 
tissues also affects the entire systemic system since, if the 
capillary walls are severely damaged, excess plasma fluid es-
capes, and the low blood pressure which results may cause undue 
changes in the arterial system. When considering the vasomotor 
tone of blood vessels and the regulation of blood pressure in 
general, it escapes the minds of some physiologists that al-
though the capillaries lack a muscular coat, the faet remains 
that the endothelial cells must be kept in good condition for 
the normal transfer of fluids, gases, and some solids between 
both sides of the capillary wall, so that the arterio-venous 
cycle will be unimpeded and the capillary pressure gradients 
not too extreme. 
c. Veins and Venules 
1. Nervous Control 
Hooker (1918) reported that the veins like the arteries 
are under a tonic control of the medullary vasocons t rictor 
23. 
center. He stimulated the nerves from the inferior mesenteric 
ganglion and got vasoconstriction of the portal veins; when the 
nerves of these veins were cut the veins dilated. These find-
ings were confirmed by Donegan (1921) and McDowall {1935). 
Donegan reported also that the venoconstrictor fibers to the 
hind limbs of the dog and cat arise from the second to the 
fourth lumbar segments; the forelimbs receive their innervation 
from the sixth to eighth thoracic segments. Hooker (1918) and 
Donegan (1921) stated that mixed nerves, as the sciatic, supply 
the veins in the same manner as they do the arteries with the 
constrictor fibers augmenting venous tone and the dilators re-
laxing this tone. Bazett (1941) added that the sciatic con-
tains sympathetic vasoconstrictors and posterior root vaso-
dilators, and that the abdominal veins likewise are innervated 
by sympathetic vasoconstrictors and posterior root vasodilators 
Direct stimulation of the venodilator fibers or inhibition of 
the venoconstrictors may produce a reflex dilatation. 
McDowall (1935) suggested that a large venous reservoir 
may exist which when altered can produce marked effects on the 
circulation. He reported that a fall in venous pressure can 
cause an arterial vasoconstriction (McDowall's reflex). 
Henderson (1943) reported the existence of a "venopressor" 
mechanism as distinct from the arterial vasoconstrictor mechan-
ism. The former controls the volume of venous filling; the 
latter adjusts the arterial blood pressure and distribution. 
He reasoned that both mechanisms occur together to compensate 
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for sudden abnormalities in the circulation. During shock, he 
noted a static circulation existed in some veins, especially in 
the splanchnic area; venous tone was removed to some degree by 
suppressing the venopr,essor mechanism in order to create a 
static circulation and prevent overfilling of the veins. The 
nervous control of the veins is not as clear as in the case of 
the arteries although it is agreed that the veins are controll 
tonically by the bulbar center; nothing is known, however, of 
the role of the spinal center in controlling venous tone. 
I 2. Chemical Control 
There is much to be settled concerning the chemical con-
trol of the veins. Some of the present evidence on this sub-
ject is controversial. McDowall (1935) stated that carbon 
dioxide causes a rise in venous pressure which resu l ts from 
· stimu lation of the vasoconstrictor center. He pointed out that 
the arteries and veins are affected in the same manner by car-
bon dioxide, with an increased pressure on both sides, and con-
tradicted earlier workers who claimed that carbon dioxide re-
laxes the veins and venules. In direct opposition to this, 
Bazett (1941) and others suggested that the veins are like the 
capillaries and are dilated by excess carbon dioxide and oxygen 
lack. Yet Bazett agreed with Dale and Evans (1922) that excess 
carbon dioxide and oxygen lack excite the medullary centers to 
produce vasoconstriction. Accor .c;lingly, it may be that the 
veins are acted upon by chemical ~ediators in a way similar to 
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the capillar~es. However, no evidence has established defi-
nitely that these two types of vessels act alike in regard to 
the above gaseous changes. 
The veins and venules appear to constrict under small and 
large doses of adrenalin (Bazett, 1941). Connet (1920) showed 
in dogs and cats that adrenalin causes a small increase in 
venous pressure resulting from constriction. There is appar-
ently not as great an adrenalin effect on the veins as occurs 
in the arteries. 
Acetylcholine and histamine appear to cause dilatation of 
the veins; however, Bazett (1941) pointed out t:hat strong con-
centrations of these two drugs may cause constriction. Best 
and McHenry (1931) found in the dog that histamine will con-
strict those veins which have a large muscular coat and hardly 
affect the small veins. Very little work has been done to 
establish the relationship of histamine and acetylcholine to 
venous vessels. It is obvious from the above reports that 
comparatively little is known about the chemical effects upon 
the veins, and that some physiologists ally the nervous and 
chemical influences of the veins to the arteries, while others 
liken them to the capillaries. More evidence is needed for 
clarification of this problem. 
3. Temperature Effect 
Goldsc~~dt and Light (1925) reported that the veins along 
with the arteries and arterioles constricted when the hand was 
I 
I 
I 
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immersed in water of 18° C or below, but in temperatures in 
excess of 40° C, all the vessels dilated. They suggested that 
the increased pressure from venoconstriction which resulted 
u pon cold stimulation causes a back pressure in the venules an 
capillaries that partially dilates t hem, as shown by the red 
color of the skin. McDowall (1935) stated that the veins like 
the arteries are constricted by cold stimuli and dilated by 
warm stimuli. McDowall along with others stated if one arm is 
immersed in cold water, the veins of t he other arm will be re-
flexly constricted; such a condition is effected through 
nervous integration. There appears to be a general agreement 
t hat the arteries and veins are similarly affected by temper-
ature changes; however, the venul es seem to have a higher 
threshold for cold stimulation than the veins. 
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III. MAJOR FACTORS OF HYPERTENSION 
According to Page (1937) and others, the chief mechanisms 
concerned in the maintenance of arterial blood pressure are 
(1) resistance to blood flow, (2} blood volume, (3) blood 
viscosity, and (4) cardiac output. The last three have been 
found to be normal in hypertensive patients; however increased 
resistance to blood flow appears to be the responsible factor 
of hypertension. Recently, many physiologists (Bazett, 1941, 
Holt er al, 1946, and others) have postulated that arterial 
pressure is a function of cardiac output and total peripheral 
resistance, but admitted that peripheral resistance is the 
important factor in hypertension. Grimson (1941), moreover, 
stated that peripheral resistance is the major factor of both 
experimental and clinical hypertension. It can be said that 
there is almost complete agreement that hypertension results 
chiefly from an increased resistance to blood flow. 
A. Total Peripheral Resistance 
1. Blo.od Viscosity 
very little has been done to determine the effect of 
viscous blood on arterial blood pressure. Page (1937) reported 
that an increased blood viscosity tends to increase the arter-
ial pressure; but generally such a condition is rare since 
hypertensive patients failed to show any difference from the 
normal blood concentrations. Bazett (1941) defined peripheral 
resistance as the frictional resistance to flow by the blood 
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vessels, especially the arterioles , and that this depends 
chiefly on the viscosity of .t he blood. As the blood enters the 
capillaries, which are often very narrow, the corpuscles cannot 
pass through without becoming distorted, and the viscosity ls 
partly determined by this distortion; thus effective resistance 
varies directly with the corpusular content of the blood. 
Whether large colloidal particles take part in alter ing the 
effective blood viscosity was not mentioned. 
Some workers reported that hypertensive individuals showed 
a high total cholesterol : content in the blood and suggested 
this as one of the causes of arteriolar lesions whi ch accompa-
nied hypertension. However, Page, Kirk and VanSlyke (1936) 
along with others have proven this to be incorrect and stated 
that in not one of the sixteen cases of essential hypertension 
studied was the total plasma lipid concentration outside the 
normal limits. They attributed the flndings of earlier workers 
to poor methods of lipid analysis and to the use of hyper-
tensive cases with other complications, as might be conducive 
to lipemia. The viscosity of the blood appears to be normal in 
uncomplicated cases of essential hypertension. Should compli-
cations set in, as pathological changes in the blood vessels or 
nutritional disturbances, the viscous blood may be important in 
resisting flow in the small blood vessels. 
2. Ne~ogenic and Intrinsic Theories of vascular Hypertonus 
Page (1937) reported that two established yet unproven 
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theories exist regarding the production of an increased peri-
pheral resistance. Both the neurogenic and angiogenic or 
intrinsic theories have strong support. The neurogenic theory 
states that the nervous system may be hypertonic and shower 
impulses on vessels which respond normally, or, conversely, the 
blood vessels may be hyperactive and the nervous system normal; 
The result of either case is continued hypertension. The in-
trinsic theory, on the other hand, states that normal arteri-
olar musculature may be stimulated to over activity by increas-
ed amounts of pressor substances, or abnormally sensitive ves-
sels may exhibit excessive responses to normal pressor sub-
stances. In regard to the latter theory, Page reported that no 
excess or deficit of a pressor substance has been found, but 
believed that pressor substances do exist from the physiolog-
ical evidences of the role of the kidney, pituitary and adrenal 
glands in maintaining vascular tone. However, he admitted that 
the statement that vessels are abnormally sensitive lacks con-
firmation. Each of these theories, moreover, lacks suf.ficient 
data to base definitely the means in which hypertension occurs. 
' Goldblatt and his associates (1934) and Freeman and Page 
(1937) have shown that gentle constriction of the renal arter-
ies produced hypertension due to vasoconstriction. Page (1937) 
has shown that various surgical procedures {sympathetic and 
renal denervation) have failed to relieve this, except removal 
of the Goldblatt renal clamp; thus it appears that the nervous 
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system plays no important part in a renal type of hypertension. 
Page also noted that the kidney produced a substance, renin, 
which may have a direct pressor effect on the circulation. 
Later on, Page and Helmer (1940) found that not renin but 
angiotonin, a product of renin, was the actual pressor sub-
stance and that the pressor effect was balanced by an angio-
tonin inhibitor. These findings support the intrinsic hyper-
tonus theory. 
Best and Taylor {1943) believed that the cause of increas-
ed peripheral resistance which produced hypertension was un-
known despite such theories as that of Page and others. They 
suggested that the cause may be due to an "inherent hyper-
sens,i ti vi ty of the vasocons trietor nerves and an exaggeration 
of the usual vasomotor responses." In support of this, the 
authors pointed to the dominant characteristics of an heredi-
tary susceptibility to hypertension. Hypertensive persons had 
an excessive vasoconstrictor response to a cold stimulus; a 
greater rise in blood pressure resulted from them when a hand 
was immersed in ice water than persons with normal blo od 
pressure. This was shown also by Hines (1940 a,b). 
Hines and Brown (1933) found that the blood pressure of 
hypertensive patients was fixed above the normal range and was 
due to organic changes in the blood vessels. This was contra-
dicted by Prinzmetal and Wilson (1936), who using heat to cause 
dilatation, showed that the blood vessels of the arm of hyper-
tensive persons were capable of dilatation with an increased 
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blood flow of the "same degree" as occurred in normal persons; 
t hey reasoned that since these vessels were capable of dilating 
in hypertensive persons, increased peripheral resistance was 
not due to organic changes. In support of this Moritz and Oldt 
(1935) upon histological examination showed that no decrease in 
the internal diameter of small arteries and arterioles occurred 
in the voluntary muscles of hypertensive persons. Prinzmetal 
and Wilson noted that these patients had a greater peripheral 
resistance than in normal subjects; thus they attributed the 
increased peripheral resistance in hypertension to a general-
ized vascular hypertonus, but admitted in some cases, organic 
changes may contribute slightly to this increased resistance 
although these changes would affect only a small portion of the 
total arteriolar -area. 
In refuting many workers who stated that peripheral re-
sistance was due to an exaggerated vasoconstrictor tone, as 
shown by abnormal responses to such stimuli as cold, carbon 
dioxide, and pain, Prinzmetal and Wilson pointed out that (1) 
upon heat application sympathetic vasodilatation produced in 
the hypertensive group no greater blood flow than in the normal 
group, suggesting that vascular hypertonus is not vasomotor in 
origin; and {2} novocain anesthetization of the vasomotor 
nerves of the arm produced the same increase in flow in both 
the hypertensive and control groups, proving that vascular 
hypertonus is independent of the vasomotor nerves and must be 
regarded as "intrinsic spasa.s of the blood vessels t hemselves." 
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These findings were applied to all cases of hypertension. 
These workers noted at the same time, however, that hyper-
tensive persons showed a greater variation in blood flow pro-
duced by vasodilator than by vasoconstrictor impulses and sug-
gested that the normal vasomotor activity was "superimposed" on 
the intrinsic vascular hypertonus. The fact that sympathectomy 
failed to abolish the vascular hypertonus also adds to their 
claim that this intrinsic hypertonicity is the responsible 
factor of hypertension. 
The intrinsic theory of hypertonus does not explain the 
' findings ~f those workers who claim that hyperactivity of the 
' vasomotor system is responsible for hypertension. Page (1937) 
, and others have shown that hypertension resulting from an in-
1 creased intracranial pressure by kaolin injection, was abolish-
' ed by total sympathectomy. Also overlooked was the fact that 
section of the carotid sinus and aortic depressor nerves pro-
duced a sustained high blood pressure which was partly relieved 
by total sympathectomy (Heymans and Bouckaert, 1935, and 
Grimson, 1940, 1941). These facts and the phenomenon of cen-
tral vasomotor instability, which is discussed below, indicate 
that the resulting hypertension is under the influen ce of the 
central nervous system. 
Wiggers and Wegria (1938) reported that nervous and humor-
al processes both suggest some active changes in the vessel 
wall Which may be by (1) muscular contraction either producing 
a decreased diameter or releasing the tension of the elastic 
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fibers thereby increasing the distensibility, or {2) physical 
alterations of the elastic elements. The degree to which 
peripheral resistance is affected by either or both of these 
factors has not been established. It is agreed, ho~ever, that 
the main control of peripheral resistance is obtained by varia-
tion in the degree of contraction of the musculature of the 
vessels. The problem remains what mechanism prevails to cause 
an increased resistance to flow. Whether one mechanism is 
responsible for the origin and another mechanism is responsible ! 
for the maintenance of an increased peripheral resistance has 
not been discovered. Almost all of the above workers have 
shown that the arteriolar musculature constricts even when 
denervated, and have acknowledged that the intrinsic tone of 
the vessels is enhanced by vasoconstrictor impulses and reduced 
by vasodilator impulses. 
3. Effect of Experimentally-Induced Factors 
Holt, Rashkind, Bernstein and Greisen (1946) performed 
many experiments on anesthetized and barbitalized dogs to de-
temine the effect of a change in total peripheral resistance 
and cardiac output on the d.rcula tion. They made an arterio-
venous anastomosis between either the carotid artery and exter-
nal jugular vein or the femoral artery and femoral vein or bot~ 
When this arterio-venous anastomosis was opened up, the total 
peripheral resistance and arterial pressure was lowered; this 
had the same effect as arteriolar dilatation. These workers 
stimulated the central end of the cut vagus nerve a nd got an 
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increased peripheral resistance and an increas·ed arterial pres-
sure; similar results were obtained by Sattler (1940). Upon 
stimulation of the carotid sinus nerve, the total peripheral 
resistan ce and arterial pressure decreased. Section of the 
spinal cord also decreased these two factors. Injection of 
epine phrine effected an increased resistance and ar t erial pres-
sure. It can be concluded from t he above experiments that a 
wide variety of factors can alter the total periphe r al resist-
ance and that as the peripheral resistance is increased, the 
arterial pressure is also increased. It can be said, therefore 
that if the cardiac output and blood viscosity remai n constant, 
the peripheral resistance would re gulate the arterial pressure. 
B. Increased Cardiac Output 
Page (1937, 1941), Prinzmetal and Wilson (1936), and Holt 
et al (1946) have stated that although cardiac output was usu-
ally normal in hypertensive individuals, an increased cardiac 
output can cause hypertension. Page (1937) stated t hat in some 
cases of hyperthyroidism, the increased cardiac output, which 
brings about a marked increase in systolic pressure, could be 
responsible for hypertension. 
Bainbridge (1915) re ported that when venous filling is 
increased, the heart is caused to beat faster in order to 
transfer the large blood supply to the arterial system. An 
increased cardiac output can be produced experimentally by the 
injection of fluid or blood into the jugular vein which 
i 
· produces an increased venous pressure (Bainbridge). Sassa and 
!! Miyazaki (1920) confirmed the findings of Bainbridge and added 
i t hat distention of the large veins close to the heart as well 
I 
l as distention of the right auricle produce cardiac acceleration. 
1 Conversely, Page (1941) maintained that degeneration of the 
I 
i visceral splanchnic sympathetics causes a failure in venous re-
. turn which de ·creases the cardiac output which in turn decreases 
· the blood pres sure. 
I I Holt et al (1946) showed experimentally in dogs thB.t open-
/ ing an arterio-venous anastomosis increased the cardiac output. 
I 
i 1flhen they cut the spinal cord the cardiac output de creased; a 
I 
j decreased cardiac output resulted also upon stimulation of the 
! 
carotid sinus nerve. Stimulation of the central end of the cut 
1 vagus nerve increased the cardiac output. These workers claim-
i I ed that the decrease in arterial pressure by stimulation of the 
I 
carotid sinus nerve or spinal cord section was due to a large r 
extent to a decrease in cardiac output than a decrease in the 
I total peripheral resistance. They stated :further tba t the 
changes in pressure resulting from the above vasomotor influ-
j ences were largely due to changes in the tone of the muscles of 
1 the veins which increase or decrease the cardiac output. Car-
l 
diac output is an important factor in the regulation of arteri-
al pressure; however, from the evidence presented above, it 
1 seems unlikely that hypertension results from an increased car-
l diac output. Only in exceptional cases, as hyperthyroidism, 
may this factor be of primary importance in initiating hyper-
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tension. 
c. Central Vasomotor Instability 
1. Hyperactivity of the Medullary Centers 
Many workers stated that hypertension may result from 
hyperactivity of the medullary vasomotor centers although they 
produced no direct evidence to substantiate this. Page (1937) 
stated that the nervous system may be byperactive and shower 
impulses on the blood vessels, causing an increased peripheral 
resistance and hypertension. Grimson (1941) and Best and 
Taylor (1943) referred the cause of hypertension to vasomotor 
instability as evidenced by the "cold pressor test". Grimson 
added further that hypertension resulting from vasomotor in-
stability must be reflexly effected through the sympathetic 
nervous system. No one knows what mechanism brings about 
hyperactivity of the bulbar centers aside from the effect of 
afferent impulses. 
Ewalt (1944) claimed that it is unlikely that bulbar path-
ology can cause chronic states of hypertension because bulbar 
lesions can be fatal if they involve the circulatory and res-
piratory centers. 
Whether hypothalamic lesions exe~t some influence on the 
vasomotor centers or cerebral cortical impulses shower them to 
render the latter "hyperactive" and cause hypertension remains 
for future work to decide. Also unknown is whether the bulbar 
centers continue to be active after a large volley of afferent 
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impulses have acted upon them. It is obvious that much work is 
needed to determine if the bulbar centers become hyperactive to 
cause hypertension, and if so, what mechanism is involved in 
the genesis of such a phenomenon. 
2. Cerebral Cortical Influences 
Cerebral cortical lesions have long been known to increase 
the blood pressure. Bailey and Sweet (1940) stimulated the 
orbital surface of the frontal lobe near the olfactory tract 
and got among many responses an increased blood pressure. 
Fulton (Hi43) has shown that stimulation of areas 4 and 6 in 
the cortex of the cat and monkey causes a sharp rise in the 
systolic pressure, an effect which is abolished by deep anesthe 
sia; stimulation of these areas also produces a shi f t of blood 
from the visceral to the muscular areas of even curarized limbs. 
Fulton reported also some depressor foci near the pr essor a reas 
and got upon stimulation of the former a fall in blood pressure 
and an increased renal flow. He stated further that section of 
the vagus nerve facilita te s the blood pressure response to 
cortical stimulation, while section of the splanchnic ne rves 
does not completely abolish the hype rtension. 
Buey (1935) found that cer ebral vascu lar lesions, as in 
most cases of apoplexy, produced no r ise in blood pressure 
i mmediately following the lesion, but in later stages, a defi-
nite rise occurred; this was presumed to be due to the vaso-
constriction of the vessels of the involved side. Nowak and 
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Walker (1939) repo r ted that progressive occlusion of the vari-
ous cerebral arteries may cause chronic hypertension, providing 
the collateral circulation is also affected. 
Ewalt (1944) stated that the cortical lesions which pro-
duce marked rises in blood pressure are those which involve 
bleeding into the parenchymal tissues, which brings about very 
irritant effects. He stated that most true apoplexies are due 
to vascular disease, and the hypertension which is present in 
such cases is due to the pre-existing vascular pathology. He 
also re ported hypertension resulting from stimulation of the 
frontal lobes and supported the findings of Fulton (1943) re-
ported above. It appears evident that cortical lesions which 
both involve certain areas of the brain and cause cerebral 
vascular pathology, are important factors that render the cen-
tral nervous system unstable and effect hypertension. 
3. Intracranial Pressure Changes 
Griffith, Jeffers and Lindaur (1935) injected kaolin in-
tracisternally in rats and noted an increased intracranial 
pressure, which caused hypertension. They found also that the 
rats had a transient leucocytosis (five days) following the 
injection and that the kaolin tended to interfere with the 
lymphatic absorption. In 1937, these authors showed that sub-
cutaneous or intraperitoneal injection of either distilled 
water or physiological saline solution in certain limited 
amounts produced hypertension, which appeared to be associated 
39. 
with an increased pressure in the cerebrospinal fluid. They 
did not know what mechanism was involved in this increased 
pressure; they found no correlation between the incr eased pres-
sure and the blood dilution or increased water content. 
Griffith and Roberts (1938) presented evidence of the 
mechanism of vascular hypertension resulting from t he kaolin 
injection. They claimed that kaolin enters the perineural 
sheaths and causes inflammation which obstructs the perineural 
spaces. They suggested that kaolin enters also the perivascu-
lar spaces, which lead into the subarachnoid space, and blocks 
.I the former as it does . the perineural spaces. This phenomenon 
I 
II 
I 
tends to divert the elimination of normal intercellular fluid 
through the ventricles instead of the usual drainage through 
the subarachnoidal space. Although there is interference in 
eliminating intercellular fluid, no change in the percentage 
of water content in the brain was found nor was the absorption 
of .fluid from the cerebrospinal space into the blood stream 
impaired; it appears, therefore, that the increase in pressure 
of the cerebrospinal fluid is the result of the obstruction of 
the perineural absorption into the lymphatic system. Not only 
is an increased blood volume not concerned with this type of 
hypertension, but also adrenalin is ruled out since the hyper-
tension can occur in the absence of both adrenal glands. These 
authors reported also an increased capillary pressure, suggest-
ing that an increased peripheral vascular tone, including cap-
illary tone, may be responsible for the high blood pressure. 
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At the same time the inflammatory area showed a fall in pressure 
which indicates that the capillaries had been a part of the 
increased tonicity. They admitted, however, that the possibil-
ity exists that the high pressure readings may not be of the 
capillaries but of the larger vessel~. An increased intracra-
nial pressure, according to these workers, effects an elevation 
of both the systolic and mean blood pressure. 
Page (1937) reported also an increase in blood pressure 
from an increased intracranial pressure and considered the 
resulting hypertension as being purely of vasomotor origin 
since total sympathectomy abolished this phenomenon. He sug-
gested that the mechanism of the increase in arterial pressure 
may be due to ''local increases 11 in the intracranial pressure; 
however, he admitted that the true mechanism is unknown. 
Grimsom, Wilson and Phemister (1937} and Freeman and 
Jeffers (1940) have confirmed the fact that total sympathectomy 
abolishes the hypertension resulting from an increased intra-
cranial pressure. Freeman and Jeffers (1940) suggested that 
sympathetic denervation of both the heart and adrenal glands 
would check the increased blood pressure produced by the in-
crease in the intracranial pressure, since they claimed that 
sympathetic cardiac innervation is necessary for the full de-
velopment of this type of hypertension. The adrenal sympathe-
tic innervation does not appear to be as important as the heart 
in this case. 
Blalock (1940) stated that this type of hypertension does 
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not seem to be persistent and can not be regularly produced in 
experimental animals. He claimed that the elevation of blood 
pressure is due to cerebral anemia a nd supported the work or 
Raab (1931) who showed that cerebral anemia stimulates the vaso 
pressor centers and increases their sensitivity to both carbon 
dioxide and acid perrusates. Whether cerebral anemia is the 
cause of this type of hypertension requires more work for con-
firmation. 
Ewalt (1944) f ound that the most co~on intracranial le-
sion accompanied by hypertension was "spontaneous subarachnoid 
hemorrhage," and the pressures were the greatest in the cases 
where intraventricular hemorrhage occurred. The author stated 
also that if the lesion producing the increased pressure of the 
cerebrospinal fluid involved the hypothalamus, midbrain or · 
brain stem, the resultant hypertension would be of great magni-
tude and duration. 
No one definitely knows how the arterial pressure is in-
creased from an increase in the intracranial pressure despite 
some of the above theories on the subject. However, it is 
agreed that this type of hypertension is vasomotor in origin, 
since it is relieved by complete sympathectomy, and that it 
brings about instability of the vasomotor centers which in turn 
effects hypertension. 
D. Psychosomatic Factors 
It has long been recognized that emotional factors play 
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an important part in aL~ost all phases of hypertension. 
Alexander (1939) stated that many hypertensive individuals have 
a deep seated emotional conflict, which tends to aggravate the 
existing symptoms of hypertension and in some cases is respon-
sible for the onset of these symptoms. Robinson (1940) report-
ed that many cases of hypertension are central in origin, and 
such factors as emotion, fear and "sudden" shock all tend to 
increase the blood pressure; in a few cases repressed conflicts 
may aid in maintaining the ~ypertension. Robinson stated that 
the peripheral circulation, especially that of the skin and 
gastro-intestinal tract, is affected by conscious and uncon-
1 scious psychic states; blushing and blanching are examples of 
this phenomenon. This author suggested that the vasoconstric-
tion of the skin vessels may be very important in maintaining 
the hypertonus. He denounced the use of sympathectomy in re-
lief of hypertension of this type, but instead encouraged the 
use of psychotherapy to dig out the emotional conflict. 
Weiss (1942) pointed out that the emotional state of the 
patient must always be considered in the interpretation of the 
blood }ressure readings. He made psychosomatic studies, in-
cluding cardiovascular -renal and urographic studies, of ninety-
three hypertensive patients , which were divided into four 
groups. Group 1 consisted of five cases in whiCh the psychic 
factors were related to the onset of the hypertension . Group 
2 was composed of forty-eight cases in which the psychic fac-
tors were responsible for the symptoms of the hypertension, but 
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may also have been partly responsible for the onset. Group 3 
had thirty-three cases in which the psychic factors were partly 
responsible for the symptoms. Group 4 consj_sted of seven cases 
in which the psychic factors were unrelated to either the onset 
or the production of the symptoms. Weiss discovered all vari-
eties of psychoneurosis in these four groups but could not 
correlate the personality types with the different groups. He 
reported that anxiety and rage are two psychic factors closely 
related to hypertension, and that anger is an emotion that 
raises the blood pressure level. A long drawn-out repressed 
hostility or rage may express itself through the circulatory 
system in the form of hypertension. In some cases, moreover, 
the kidney and endocrine glands play a minor role to that o£ 
the emotions in the production of hypertension. 
Janeway (1913) found that the most frequent symptom of his 
hypertensive patients was a headache, which was anything from a 
dull ache to a severe headache, especially in the cervico-
occipital region. He noted also that many of the patients were 
afflicted with migraine. Many workers attribute all headaches, 
such as migraine and even dull aches, to hypertension. However 
Weiss (1942) claimed that only a small minority of headaches 
can be correlated with hypertension. On the other hand, Weiss 
pointed out that a close relationship exists between the per-
sonality structure of the migraine headache and the hyperten-
sion. Both of these disorders show a deep repressed rage; 
migraine attacks occur when this rage becomes intensified and 
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can not be directly expressed. 'l'he symptoms of vertigo (dizzi-
ness),on the other hand, are allied to the anxiety state; after ! 
the anxiety state has been expressed through the circulatory, I 
respiratory and other systems of the body, vertigo appears and 
is considered to be a representation of "insecurity" on the 
part of the patient. This feeling of insecurity may occur in 
the presence or absence of hypertension; if hypertension per-
sists, this feeling is often hidden by the other prevailing 
symptoms. Fatigue and pain in the heart are other symptoms 
which may accompany hypertension. Usually, however, all of the 
above symptoms are hidden by the clinical picture of hyperten-
sion (blood pressure readings, renal blood flow measurements, 
and electrocardiographic recordings). According to Weiss, only 
psychosomatic studies can reveal the fact that there is a good 
deal of conflict in the make-up of the hypertensive person, 
which can not find direct outv~rd expression and so is forced 
to eacape through the circulatory and other systems of the bod~ 
It appears that many of the symptoms of hypertension are no't 
physical but rather emotional in origin. 
Psychosomatic studies do not exclude the physical elements 
involved in hypertension but e·onsider . predominantly the emo-
tional state of the patient, which in some cases has been 
found to be responsible for the development of hypertension 
and in other cases for the production ·of the symptoms. Despite 
the different degrees of psychoneurosis that occurred among the 
various groups studied by Weiss, the common problem involved 
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was the emotional tension due to a chronic repressed rage. If , 
this rage can be outwardly expressed by psychotherapy or other 
means, the anxiety is lessened and the blood pressure may be 
relieved; if the hypertension is not relieved, the personality 
traits of the patient would nevertheless be improved, and the 
, intensity of the hypertension would be decreased. 
Ewalt (1944) had noted along with others that emotional 
stimuli can produce 11 profound alterations" in the functions of 
the autonomic nervous system, which can not be evoked by any 
drug or physical means; fainting and the erection are two di-
verse examples of this phenomenon. Ewalt supported Weiss who 
claimed that emotional tension arising from a re pressed 
aggression is present in the cases of essential hypertension. 
All of the above workers agreed with the finding that 
sympathectomy or any other surgical procedure does very little 
to relieve hypertension of the psychosomatic variety, and that 
any means which effects an expression of the repressed hostil,-
i ty should be encouraged in the trea.tment of such hypertension. 
From all indications, it appears that essential hypertension is 
the result of a deep seated conflict which becomes part of the 
personality structure of t he individual, which invo l ves many 
symptoms, and for which no cure has been discovered. The psy-
chosomatic aspects of hypertension deserve much consideration 
by future workers on the problem of high blood pressure, since 
these factors are responsible in many cases for the onset of 
the other major factors of hypertension, namely pertpheral re-
46. 
sistance, vasomotor instability and an increased cardiac out-
put. 
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IV. REGULATION OF THE BLOOD PRESSURE 
In the discussion o£ the vasomotor control of the blood 
vessels, the effect of nervous, chemical and other factors on 
the tone of the vessels and on the blood pressure was consid-
ered. In considering the regulation of the blood pressure and, 
to a lesser degree, the cardiac output, these same factors, 
nervous and chemical, are correlated to maintain the pressure 
and output within the normal range in almost all instances. 
Certain areas of the cardiovascular system contain pressorecep-
tors and chemoreceptors, which when stimulated cause a reflex 
alteration in both the blood pressure and cardiac output. Not 
only is there control of the blood pressure through reflex 
pathways, but also there is an important control mediated by 
the autonomic nervous system, especially the thoraco-lumbar 
outflow and its central autonomic representation in the hypo-
thalamus. The role of the vasoendocrine secretions, which act 
under the influence of the thoraco-lumbar outflow, is also a 
part of the autonomic control of the blood pressure. 
A. Intrinsic Cardiovascular Reflex Control 
1. Pressor Reflex of the Heart and Large Veins 
Bainbridge (1915) postulated that an increased venous 
pressure effects an increased cardiac rate. The increased 
II 
tl cardiac rate, produced in dogs by injection of fluid in the 
jugular vein, initiated the reflex which was carried by the 
II 
I' I 
I 
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vagus nerve; Bainbridge noted that vagal section abolished the 
cardiac acceleration. He maintained that upon increased venous 
filling, the heart has to beat faster to transfer the large 
venous reservoir to the arterial side in order to prevent ex-
cessive dilatation of the heart, and that this mechanism during 
exercise is responsible for the cardiac acceleration which 
accompanies an increased venous pressure. 
Sassa and Miyazaki (1920) confirmed the Bainbridge reflex 
in the dog, but not in the rabbit. They attributed the latter 
finding to the absence of vagal tone in the rabbit. These 
workers distended the large veins and the auricles of the heart 
by means of balloons and reported that reflex cardiac acceler-
ation occurred upon distention of the portion of the superior 
and inferior vena cavae close to the heart, but did not occur 
in the portion of the veins away from the heart, nor was it 
found in any portion of the jugular vein. They also reported 
that the Bainbridge reflex occurred from a sustained distention 
of the right auricle; moreover, some animals produced cardiac 
acceleration when the left auricle was distended, with no in-
crease in right auricular pressure. They stated that the re-
flex afferent patnway is contained in the vagus nerve. 
Nonidez (1937) stated that the cardiae acceleration re-
sulting from distention of the auricles, as reported by Sassa 
and Miyazaki, was due to the increased venous pressure stimu-
lating the receptors of the vena cavae, for he could find no 
receptors in the walls of the auricles. He claimed that the 
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reflex acceleration due to distention of the left auricle was , 
due to ,receptors in the pulmonary veins. Nonidez stated, along 
with Sassa and Miyazaki, that the receptor nerve endings are 
located in the 11 intrapericardial" portion of the vena cavae anc 
pulmonary veins in the cat, dog and rabbit. He also claimed 
that some afferent arborizations occurred in the wall of the 
coronary sinus near the junction of the latter and the right 
auricle. 
Nonidez reported two types of nerve endings: (1) the 
"subendothelial endings", which are pressoreceptors found in 
all the veins entering the heart and resemble the arterial 
pressoreceptors; and (2) the 11 perimuscular arborizations", 
which are located in the walls of the pu~monary veins. 
Similar perimuscular nerve endings are found in the long~tudi-
nal musculature within the superior vena cava and also in the 
sino-atrial node. Nonidez concluded that during a rise in 
blood pressure, the subendothelial nerve endings are mechan-
ically excited and initiate the cardiac acceleration. He 
·stated further that t..h.e pulmonary (subendothelial) pressorecep-
tors may also initiate the Bainbridge reflex when an increased 
pressure occurs in these veins. However, he was uncertain of 
the function of the perimuscular nerve endings which he pre-
sumed to be either afferent neuromuscular synapses or immature 
pressoreceptors. 
Although Nonide~ found no functional difference between 
the pressoreceptors of the arteries and veins, he reported 
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from histological examination that the pressoreceptors of the 
artery are in the externa or in the externa and outer third of 
the media, whereas in the vein, the endings are found in the 
subendothelial layer. The fact that the blood pressure in the 
large veins is much lower than that of the arteries probably 
accounts for the nearness to the lumen of the venous presso-
receptors. No one at the present time has located pressorecep-
tors in the auricles although many physiologists (Sassa and 
Miyazaki, Bazett, 1941, and others) claimed that these endings 
are present because a uricular distention produces cardiac 
acceleratioh. However more work is required to determine 
whether the auricular distention actively initiates the Bain-
bridge reflex or passively initiates it, as reported by 
Nonidez. 
· 2. Carotid Sinus Depressor Reflex 
Koch and Mies (1929) reported in the rabbit and Heymans 
and Bouckaert (1931) reported in the dog that section of the 
carotid sinus nerves produced a rise in the blood pr essure. 
This phenomenon has been confirmed by almost all later workers 
(Winder, 1937, Nowak, 1940, Blalock, 1940, Grimson, 1940 et 
seq., Page, 1941, and many others). Winder (1937) reported 
that maximal stimulation of the carotid sinus in dogs caused a 
maximal and sustained vasodilatation. Two simultaneous carotid 
sinus reflexes exist: (1) the carotid sinus cardiac reflex and 
(2) the carotid sinus vasomotor reflex. Winder stated that in 
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animals with intact aortic depressor nerves, the carotid sinus 
cardiac reflex was more poorly maintained and more variable in 
magnitude than the vasomotor reflex. In some 1nstances, the 
aortic afferents were so important in cardiac regulation that 
the carotid sinus depressor effect was reversed. He re ported 
· that a third carotid sinus reflex exists: the sinus respira-
tory reflex, which like the sinus cardiac reflex was frequent-
ly antagonized by the buffering action of the aortic depressor 
mechanism. The sympathetic efferent component of the sinus 
cardiac reflex could be shown after vagotomy. When the vagus 
nerves are sectioned the antagonistic effect of the aortic 
mechanism is removed so that a greater sinus cardiac depressor 
action can take place. 
In 1938, Winder reported that an "extra-vaga.l 11 component 
of the carotj_d sinus cardiac reflex existed. Not only does the 
carotid sinus stimulation produce a reflex vagal excitation 
that depresses cardiac activity, but it acts reciprocally to 
inhibit the~ sympathetic cardiac accelerator impulses and to 
inhibit also the secretion of epinephrine; thus the extra-vagal 
component refers to the carotid sinus-vagal reflex pathway 
which inhibits the cardioaccelerator nerves and the humoral 
accelerator secretions. Winder stated that the extra-vagal ,, 
efferent influence is minor compared to the direct sinus-vagal- 1 
II cardiac stimulation. 
Sweeney (1940) experimented on dogs to determine the 
presence or absence of "pressor" activity in the carotid sinus. 
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' He denervated · this structure a nd sectioned the vagi to e l imi-
na t e the compensatory influence of the aortic afferents; he 
obtained an increased blood pre s sure and concluded that the 
hypertension was a result of an absence of a functioning af-
ferent depressor activity and that no pressor activity was 
evident. He noted also that no appreciable effect on the 
pulse rate took place, which he attributed more to the control 
of the aortic reflex than to that of the carotid sinus reflex. 
This latter observation supported the above findings of ~inder 
( 1937). 
Best and Taylor (1943) claimed that the aortic and carotic 
sinus de pressor nerves have t wo main functionS! (1) slowing 
and weakening of the heart rate and (2) vasodilatation; the 
latter function is important to supply enough blood to the 
brain tissues. In the case of the carotid sinus cardiac re-
flex, the efferent limb to the heart occurs through the vagus, 
and the efferent limb which effects an increase in vasodila-
tation and a reduction in vasoconstriction occurs through the 
spinal cord to the blood vessels via the synapses at the ven-
tral horn cells. Ewalt (1944) claimed that one of the main 
purposes of the carotid sinus is to adjust the pres s ure and 
distribution of the blood to the needs of the body; however, 
the primary purpose of this mechanism appears to be the main-
tenance of an adequate blood supply to the heart and brain and 
the ability to alter the physiological processes of the whole 
body to protect these two vi tal areas. 
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Recently wang and Borison (1947a) claimed that in the 
carotid sinus cardiac reflex, the vagus nerve plays the major 
role while the s-ympathetic cardiac accelerators are less impor-
tant. However the overall depressor activity of the carotid 
;sinus vasomotor reflex is largely effected through sympathetic 
I 
activity. 
Wang and Borison (1947b) set out to investigate in dogs 
the decussation of the "central" pathways through which the 
carotid sinus cardiovascular responses pass and also check 
their relation to the principle of convergence. After right 
vagotomy stimulation by distention of the right carotj_d sinus 
produced a. slight bradycardia (cardiac slowing), which disap-
peared after left vagotomy; and similarly, left vagotomy and 
!left carotid sinus stimulation produced a slight bradycardia., 
which disappeared after right vagotomy; thus there is the in-
dication of a crossing of some of the efferent vagal cardiac 
reflex pathways. These workers next determined whether this 
phenomenon occurred in the efferent sinus-vasomotor pathway. 
Upon removal of one sympathetic chain, crossing of the sinus 
vasomotor efferent pathway was demonstrated by the vasomotor 
depressor response obtained upon sinus stimulation of the 
ipselateral side of the sympathectomy. It is evident that 
there is a crossed component in both carotid sinus efferent 
pathways: the cardiac efferents and the vasomotor efferents. 
These workers pointed out that a small crossed component exists 
I 
lin the case of the carotid sinus cardiac reflex but a large 
I 
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component is evident in the sinus vasomotor reflex. ~hen these 
authors distended the right carotid sinus, they obtained a 
greater bradycardia and fall in blood pressure than distention 
lof the left carotid sinus. Simultaneous bilateral sinus stimu-
1lation produced a greater bradycardia than the sum of t he left 
and right carotid sinus responses produced on separate stimula-
[ tion, a process of facilitation. In opposition to this, the 
!vasomotor response was l ess upon bilateral sinus stimulation 
than the sum of the separate stimulations of the two sinuses, a 
process of occlusion. They noted also that simultaneous stimu-
lation of both carotid sinuses produced an overall depressor 
effect which was more sustained than that which resulted from a 
single carotid sinus stimulation. It appears from t he evidence 
presented that the carotid sinus cardiac efferent pathway has a 
I small crossed c·omponen t and shows the process of faci li ta tion; 
whereas the carotid sinus vasomotor efferent pathway has a larg-
er crossed component than the cardiac efferent route and shovTs 
the process of occlusion. 
From all available evidence, it appears that the carotid 
sinus is an important regulator of the blood pressure and the 
heart rate, since it affects the entire circulation through the 
various efferent pathways of this reflex. 
3. Aortic Depressor Mechanism 
J Cyon and Ludwig {1866) first discovered the action of the 
:aortic depressor nerve; they reported that this nerve is active 
II 
55. 
I 
;only if' the medulla is intact and that removal of the brain 
Ia bove the medulla does not alter the depressor action. However, 
I 
'Koch and Mies ( 1929) and Heymans and Bouckaert ( 1931) def'ini tely 
I 
:established the fact that section of the aortic nerves produces 
I 
I !hypertension. This was confirmed by McDowall (1935) , Blalock 
I 
:(1940), Grimson (1940 et seq.) and many others. McDowall (1935) 
stated that the vasodilatation which resulted from stimulation 
of' either the aortic or carotid sinus depressor nerves is due to 
both the inhibition of the vasoconstrictor mechanism and stimu-
llation of t h e vasodilator mechanism. 
Winder (1937) reported that the aortic depressor mechanism 
has a great buffering ef'f'ect on the carotid sinus cardiac and 
respiratory reflexes, with a lesser effect on the carotid sinus 
vasomotor reflex. In order to experiment on the carotid sinus 
system, it is necessary to remove by section the antagonizing 
aortic mechanism. He stated that the aortic depressor system 
is more important than the carotid sinus depressor system in the 
regulation of the heart rate. 
He.yma.ns, Bouckaert and Regnier ( 1933) reported that the 
aortic afferent route is via the vagus nerve; whereas the 
carotid sinus afferents enter the glossopharyngeal nerve. The 
aortic depressor mechanism, like that of the carotid sinus, has 
two simultaneous reflexes: (1) the cardiac depressor reflex and 
(2) the vasomotor depressor reflex. The efferent limbs of' the I 
aortic system ~re also the same as those of the carotid sinus. 
The aortic buffer mechanism was considered by Wang and 
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Borison (1947a) to be one of the responsible factors for "vagal 
adaptation" which resulted after the first fifteen seconds of 
carotid sinus stimulation; vagal adaptation refers t o the rapid 
disappearance of the vagal effect. However, more work is need-
ed to confirm and extend this finding. 
No one has shown whether there is a decussation of the 
aortic efferent pathways similar to that found in the carotid 
sinus system. Also unestablished is the principle of conver-
gence of these pathways. Both phenomena were reported in the 
carotid sinus system by Wang and Borison (1947b). Future work 
may demonstrate their presence also in the aortic system. 
It is generally agreed that the aortic cardiac reflex is 
better maintained than the carotid sinus cardiac re f lex and 
that the former is more pronounced than the aortic vasomotor 
reflex. Also established is the fact that the aortic system, 
like the carotid sinus system, is an important regulator of 
the blood pressure, causing vasodilation and bradycardia. It 
is evident that not as much work has been done on t he aortic 
as on the carotid sinus mechanism; it appears at present that 
the former is concerned more with the cardiac reflex while the 
latter is concerned more with t he vasomotor contro l. 
~raction of Vagal and Sympathetic Cardiac Control 
Wang and Borison (1947a) set out to determine how the vagi 
and sympathetics interact in time sequence in cardiac control 
via the carotid sinus reflex. The exact mechanism by which the l 
II 
II 
~ 57. I vagus nerve is controlled in the carotid sinus cardiac reflex 
jl is unknown. 
'
! 
These workers showed that in vagotomized animals 
I! 
tbe cardiacdepressor e~~ect was still evoked. They cut the 
aortic depressor nerve and increased the intrasinual pressure 
and reported that section o~ the vagus "reduces" the cardiac 
slowing. They noted that in the third ~i~teen second period 
' of carotid sinus stimulation the sympathetic component played 
the major role in the bradycardia. Conversely, they found in 
all types of sympathectomized dogs that the vagus pl ayed the 
major role in the ~irst two fi~teen second periods o~ sinus 
stimulation, and since the late sympathetic slowing was abol-
ished in these sympathectomized dogs, the vagal effect persist-
ed also in the last period o~ the sinus stimulation . 
wang and Borison next deafferentated the vagus nerve and 
stimulated the carotid sinus, with the result that vagal 
cardiac slowing was very marked; on the other hand, removal o~ 
the vagal ef~erents reduced the vagal bradycardia. They noted 
also that despite elimination of the aortic depressor re~lex, 
some vagal-cardiac adaptation occurred {rapid disappearance o~ 
the vagal effect). The buf~ering effect of the aortic depress- ,' 
or system would be expected to produce this vagal adaptation, 
but since section o~ the aortic depressor nerve did not remove 
the adaptation, these workers could not explain the phenomenon. 
' 'I'hey suggested it may be due to some mechanism in the brain 
stem or in the heart, itself, or may be the property of the 
1 carotid sinus and aortic pressoreceptors, or a combination o~ 
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two or more of these factors. 
These workers concluded that the vagal and sympathetic 
tonic effects respond to intrasinual pressure changes in a 
reciprocal fashion with the dominance of each activity in a 
certain phase of the time sequence (vagal followed by sympa-
I 
thetic tonicity). They pointed out that vagal bradycardia, a 
li 
1 
discrete response, is independent of the sympathetic depressor 1 
I 
activity. They noted that a balance existed between the vagal 
I afferents and efferents; elimination of the vagal afferents 
enhances vagal tone, whereas exclusion of the efferents lessens 1 
it. More work is needed, however, to confirm and extend the 
above observations. 
5. Vago-Neurohypophysial Pressor Reflex 
Chang, Lim, et al (1937, 1938) noted that stimulation of 
the central end of the cut vagus nerve of dogs whose head and 
neck were connected only v:ascula.r.~y gave a marked rise in the 
blood pressure. This reaction was abolished by acute hypo-
physectomy. These workers concluded that the neurohypophysis 
liberates a "pressor" substance which produces this reflex, 
indicating that the reflex depends on the presence of an intact! 
I; 
II 
I 
supraoptico-hypophysial tract. 
Sattler (1940) confirmed and extended the work of the above1 
stimula J 
I< 
Sattler reported that ~ authors, using similar methods. 
II tion of the central end of the vago-sympathetic trunk caused 
,i 
" 
II I. 
II 
a pressor effect which had two components: a sudden rise in 
,, 
ti 
:I 
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i blood pressure (sympathetic effect) and a more delayed rise 
(yago-neurohypophysial effect). Stimulation of the vagus alone 
was shown to be mediated through the pituitary when the re-
sponse was abolished by hypophysectomy. He then reported that 
animals (dogs and cats) with permanent diabetes insipidus, re-
sulting from section of the supraoptico-hypophysial tract, 
showed no vago-pituitary pressor reflex. The pressor response 
that resulted in these animals was due to stimulation centrally 
of the sympathetic component of this reflex, since the response 
was eliminated by sympathetic ganglionectomy. 
Holt et al (1946) stimulated in dogs the central end of 
the vagus nerve and reported an increase in the arterial pres-
sure, total peripheral resistance and cardiac output. It is 
evident that stimulation of the central end of the vagus pro-
duces a pressor effect, which is dependent on an intact supra-
optico-hypophysial tract. Howeve~, no one has definitely 
established that this pressor reflex occurs normally in animals 
and man to regulate the blood pressure. 
6. Pressor Reflexes of tl1e carotid and Aortic Bodies 
Bouckaert, Dautrebande and Heymans (1931) inactivated the 
afferent branches of the carotid sinus and showed that chemical 
excitants caused a pressor effect, which passed via the carotid 
sinus nerve; they did not know where the chemoreceptors were 
located. 
Comroe and Schmidt (1938) reported that intracranial in-
iection of small amounts of either lobeline or cyanide produce 
' . 
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1 a pressor effect, which was abolished when the artery to the 
carotid body was clamped; this indicated that the chemorecep-
tors are confined to this structure. They reported also that 
the pressoreceptors are confined to the carotid sinus and the 
chemoreceptors are confined to the carotid body. However, in 
1940, Schmidt and Comroe stated that in the carotid body they 
were able to get action potentials which were characteristic 
of pressoreceptors, so that they reconsidered their earlier 
findings (1938) and suggested that some pressoreceptors are 
present wherever there is chemical sensitivity. However, 
these press..oreceptors are functionally insignificant in com-
parison to the overall chemoreceptor response. 
In 1936, Nonidez described in the cat the blood supply 
and innervation of another paraganglion, the aortic body. The 
aortic nerve was found to be very small and to be close to the 
vagus nerve, which it enters. In dogs, Comroe (19~9) injected 
intra-aortically small doses of either lobeline or cyanide and 
reported a pressor effect, which indicated that chemoreceptors 
are located in this structure also. Conversely, Comroe report-
.ed that denervation of the aortic body caused a depressor 
effect. 
Schmidt and Comroe (1940) stated that the most effective 
stimuli of the chemoreceptors are anoxia (produced by low 
oxygen tension or by poisons), asphyxia, acidosis, excess car-
bon dioxide and nicotinic drugs. They claimed that the thresg-
old of the chemoreceptors to anoxia was markedly lower than 
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, that of the vasomotor centers; however with carbon dioxide it 
is just the opposite, the vasomotor centers having a lower 
threshold than the chemoreceptors. These workers also stated 
that the hydrogen ion concentration (pH) is almost as great a 
stimulant as anoxia to the chemoreceptors and has more of an 
effect on the receptor endings than excess carbon dioxide. 
Winder, Bernthal and Weeks (1938) reported that excita-
bility of the chemoreceptors by ischemia of the carotid bodies 
was a result of the action of their own acid metabolism with 
their immediate environment (the chemicals in the arterial 
blood). This excitability produced marked hyperpnea, peripher-
al vasoconstriction and arterial hypertension. The nature of 
the exciting agent was not mentioned. 
Schmidt and Comroe (1940) stated that the chemoreceptor 
respiratory and vasomotor reflexes were due to direct stimulant 
effects by nervous impulses upon the respiratory and vasomotor 
centers; this was shown when hyperpnea and hypertension result-
ed upon electrical stimulation of the nerve from the aortic 
body to the vago-depressor trunk. The same phenomenon was II 
I shown by other workers who stimulated the afferents from the 
carotid body. Schmidt and Comroe reported also that the sensi -
tivities of the vasomotor and respiratory reflexes to the chem-
ical excitants were of the same magnitude. In conclusion , 
these authors pointed out that no evidence proves that the 
pressor reflexes of the carotid and aortic bodies are necessar~ 
to control the blood pressure although they play a major role I 
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in the hypertension of anoxia. It appears at the present time 
that the pressorecptors have the main .control over t he circu-
lation and the chemoreceptors predominantly control the respi-
ration. 
B. Control Through the Autonomic Nervous System 
1. Thoraco-Lumbar Tonic Effect 
McDowall (1935) pointed out that section of the spinal 
cord at the cervical level caused a greater fall in blood pres-
sure than section at lower levels; higher cord sections (cervi-
cal) remove more vasoconstrictor fibers from acting tonically 
on the blood vessels. In six normal dogs G-rimson (1945) cut 
the spinal cord at the seventh cervical level and reported a 
1 fall in the blood pressure . He pointed out that removing all 
, vasoconstrictor pathways should lower the pressure of normal 
and neurogenic hypertensive dogs but not the dogs with renal 
hypertension because of the added factor of a vasopressor sub-
1 stance in the blood stream. The evidence by many workers that 
removal of the sympathetic chain lowers the blood pressure 
indicates that the thoraco-lumbar outflow is an important 
, regulator of the blood pressure. 
It is generally agreed that the thoraco-lumbar vasocon -
stricter fibers tonically maintain vascular tone. The crani-
osacral division of the autonomic nervous system as well as 
some vasodilator fibers which run in the thoraco-lu~bar out-
flow reduce the tone of the vessels; the only exception is the 
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vagus-coronary innervation which acts tonically on the coronar I 
vesse ls. The pulse rate, moreover, is influenced tonically by 
the thoraco-lumbar cardio-accelerator fibers. The cardiovas-
cular tonicity maintained by the thoraco-lumbar outflow is 
under the control of the bulbar vasomotor centers, particularl 
the vascoconstrictor center (Best and Taylor, 1943). 
It has been shown by many workers that sympathetic activ-
ity becomes very vigorous during intense emotional excitement. 
The central nervous system when acted upon by strong afferent 
stimulation, as the emotional stimuli, takes over the control 
of all sympathetic activity to the extent that both sympatheti 
vasoconstrictor and vasodilator fibers discharge. Ranson 
(1936) showed in rhesus monkeys and cats that due to intense 
emotional stimulation not only do the arterioles constrict and 
cause a rise in the blood pressure, but also the ~lpils dilate, 
the hair bristles, the heart beats faster, the bronchi ole s 
dilate and increased amounts of adrenalin and sugar are thrown 
into the blood stream. 
It appears that the thoraco-lumbar outflow maintains the 
normal blood pressure under the control of the vasomotor 
centers. Only when afferent stimuli become intense does the 
central nervous system take over. Evident also is that the 
thoraco-lumbar outflow innervates the adrenal medulla, viscera 
~nd skin organs, all of which are thrown into action upon cen-
tral nervous stimulation. During exercise the activity of the 
thoraco-lumbar fibers is correlated to shift blood from in-
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significant areas (the skin and viscera) to more useful areas 
(the muscles) (McDowall, 1935, and many others). 
2. Role of the Hypothalamus 
Ranson (1936) postulated the presence of a general para-
sympathetic center in the anterior hypothalamic area and a 
sympathetic center in the posterior region. He stimulated the 
posterior and part of the lateral hypothalamic region in cats 
and rhesus monkeys and reported a. rise in blood pressure and a 
! sustained cardiac acceleration among many other responses. ~ 
depressor effect resulted, however, upon stimulation of the 
anterior hypothalamic region, especially the preoptic area. 
He noted also that increased amounts of adrenalin were in the 
blood stream upon posterior hypothalamic stimulation. He 
claimed that the unified activity of the sympathetic system 
during emotional excitement is brought about by the hypothal-
amus, which has descending connections with the v:asom.otor cen-
ters of the brain and spj_nal cord and with the s-ympathetic 
chain via the spinal cord. He pointed out that when the hypo-
thalamus is removed in animals, a fully developed emotional 
response is absent, but when it is electrically stimulated, a 
typical rage reaction results; however, Ranson admitted that 
this rage reaction is associated with cerebral cortical im-
pulses. He concluded · tha.t the hypothalamus lhs connected with 
the cerebral cortex indirectly through the thalamus and by 
direct afferent and efferent fibers with both the peripheral 
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autonomic nervous system and the pituitary. The hypothalamus, 
related with the pituitary and indirectly with other endocrine 
glands (adrena·l and ovary), helps regulate the vasoendocrine 
secretions as well as sympathetic activity. This author was 
not able to establish the exact hypothalamic nuclei which 
supposedly are the SJ~pathetic and parasympathetic centers. 
Bazett (1941), Best and Taylor (1943), Fulton (1943), 
Ewalt (1944) and others doubted that true sympathetic and 
parasympathetic centers exist in the hypothalamus. Bazett 
stated that the hypothalamico-sympathetic reaction is a part 
of the activity of the central nervous system, which integrates 
the various mechanisms involved in response to emotional fac-
tors and exposure to cold. 
There is, however, general agreement that stimulation of 
the lateral hypothalamic nuclei causes a sharp rise in the 
blood pressure; stimulation of the dorsal nuclei produces an 
increased blood pressure and constriction of the pial vessels 
(Fulton, 1943, and Ewalt, 1944). The pial constriction is re-
duced by cervica~ sympathectomy. Anterior hypothalamic stimu-
lation, on the other hand, causes a vagal slowing and a lowere 
blood pressure; stimulation of the tuber area produces dila-
tation of the pial vessels and a lowered blood pressure. Ewalt 
I stated that although the hypothalamus ap pears to contain two 
,I 
.I 
distinct autonomic centers, no one has been able to produce 
II 
I evidence that these centers are confined to the hypothalamus 
i alone. Ewalt noted also that low frequency electrical stimu-
II 
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lation of certain anterior hypothalamic areas may produce a 
fall in blood pressure, while a high frequency stimulation in-
creases the blood pressure. Since the drop in blood pressure 
is due to a decrease in the ·frequency of impulses in the accel-
erator nerve, he suggested that the anterior hypothalamus may 
inhibit the s-ympathetic rather than excite the paras-ympathetic 
center. This was also suggested by Ranson (1936). To support 
! this further, Ewalt reported that drugs can produce a rise or 
fall in pressure depending on their concentrations. Thus al-
though ex perimental evidence suggests that sympathetic and 
parasympathetic influences are centered in the hypothalamus, 
i future work may definitely determine the role of the hypothal-
1 
, amus in the regulation of the blood pressure. 
3. Effect of Vasoendocrine Secretions 
It has been shown by many workers that the adrenal medulla 
and the posterior lobe of the pituitary produce vasopressor 
substances, adrenalin and pitressin respectively, wh ich effect 
vasoconstriction. 
Page (1937} reported that vasoendocrine secretions in-
crease vascular tone and arterial pressure either by direct 
pressor effect or are "synergia tic 11 with pressor substances of 
other origin. Tumors of the adrena l medulla and pituitary in 
some cases cause hypertension; however, Page doubted that 
tumors of the pituitary cause abnormal secretion of pitressin 
to elevate the blood pressure. In rare cases, adrenalin in 
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sufficient amounts may produce hypertension; removal of the 
adrenal. medullary tumor abolishes the hypertension and lowers 
the adrenal content in the blood. 
Page reported also that adrenal cortical tumors can ele-
vate the blood pressure, but such tumors are rare; however the 
I 
.11 adrenal cortex appears to be intimately involved in the genesis 
I of certain cases of hypertension. He reported that the kidney 
secretions seem to be involved also in the genesis of hyper-
tension; transplanted kidne ys in animals caused hypertension, 
proving that a renal substance affects the blood pressure. 
Page a nd Helmer (1940) found the vasopressor substance to be a 
product of the renal extract. Page (1937) stated that removal 
of the pituitary reduces the hypertension; he claimed that it 
appears to be due to removal of the stimulant effect on the 
adrenal cortex. He concluded that the effector substance from 
I the kidney acts with the adrenal cortical secretion to produce 
I 
high blood pressure. More work is needed to confirm this 
I theory. The importance of the adrenal cortex .was shown, how-
l ever, when removal of both adrenal glands abolished renal 
I hypertension; conversely when the animals were treated with 
r large amounts of salt and cortical extracts' moderate hyper-
tension resulted (Page, 1937). 
Hyperthyroidism has long been known to produce marked 
rises in the systolic pre·ssure. · Secretions of both the thyroid 
and parathyroid have been reported to have some influence cen-
trally or directly on vascular tone .(Vincent and Thompson, 1928,1 
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McDowall, 193 5, Page, 1937, a.nd others). The exact na. ture of' 
·the mechanism involved from these secretions ha$ not been de-
fined. 
Unestablished also is the role of the ovary in ~he mainte-
nance of vascular tone. Page (1937) stated that a. high blood 
pressure results from hypoa.ctivity of this gland. More evi-
. dence is needed to confirm this discovery. 
It appears that the endocrine glands play a.n important 
role in the regulation of the blood pressure. The effect of' 
the ·secretions of some of these glan ds becomes more pronounced 
not only when there is glandular pathology but also when the 
autonomic nerves become hyperactive due to strong central 
stimulation. 
I 
I 
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V. EXPERIMENTAL NEUROGENIC HYPERTENSION 
Physiologists at the present time generally agree to the 
major factors of hypertension discussed above; however, still 
to be determined is what factor or factors cause a neurogenic 
type of hypertension in man. The various laboratory proce-
dures to produce neurogenic hypertension, as section of the 
depressor nerves, are not usually factors of hypertensj_ on in 
man. The laboratory hypertension is called experimental neu-
rogenic hypertension. Only in a few cases in man is the gene-
sis of neurogenic hypertension evident; hypertension due to 
psychosomatic factors is an example. An understanding of the 
production and the procedures to relieve experimental neuro-
genic hypertension may enlighten the problem of the etiology, 
pathogenesis and treatment of neurogenic hypertension. 
A. Production of Neurogenic Hypertension 
Koch and Mies (1929) and Heymans and Bouckaert (1931) re-
ported that section of the aortic and carotid sinus nerves pro-
duced a sustained neurogenic hypertension. Grimson (1941) 
stated further that denervation or excision of the carotid 
s·inuses alone will produce only "transient" hypertension, since 
the depressor function is taken over completely by tl~e aortic 
depressor system. Excision or denervation of the depressor 
nerves seems to be the most co~non method of producing neuro-
·1 genic hypertension in animals. Grimson stated that this pro-
1 cedure is better for study than the other methods because it 
II 
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effects abnormality in vasomotor regulation and a sustained 
hypertension. 
Wi nder, Bernthal and Weeks (1938) stated that clamping 
the artery to the carotid body removed the normal blood supply 
and produced an ischemia which excites the chemoreceptors to 
li effect vasoconstriction. 
I tant to support the findings of these workers because they 
Sc~~idt and Comroe (1940) were reluc-
:I 
II 
doubted that the experiments of the latter were conclusive, 
since an occasional blood vessel was left open, so that the 
pressor reflex could have originated in some other area. 
Whether carotid body ischemia is a good method to produce 
hypertension in experimental .animals lacks confirma t ion. 
Nowak and Walker (1939) reported that progressive occlu-
sion of the main cerebral arteres and their collateral circu-
la tion can cause a hypertension which is not diminished by the 
action of the depressor nerves. Blalock (1940) supported the 
1 work of these authors and stated further that cerebral ischemia 
I definitely produces a neurogenic hypertension. However, the 
I 
hypertension becomes reduced as the collateral circulation im-
proves; thus he concluded that this is not a very good method 
for producing a chronic type of neurogenic hypertension • 
. Another common method of producing neuro~enic hypertension 
is to increase the intracranial pressure by injection of kaolin 
intracisternally (Griffith et al, 1935, 1937, 1938). Griffith 
and Roberts (1938) suggested that an increased intracranial 
pressure results from obstruction of the perineural absorpt on 
I' 
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into the lymphatic system. Page (1937) stated that this. type 
of hypertension is purely vasomotor in origin, because it is 
abolished by total sympathectomy. 
With the exception of the carotid body ischemia, all of 
the above procedures have been confirmed and extended. 
B. Correlation of Renal and Neurogenic Hypertension 
I i 1. Production of Renal Hypertension 
Goldblatt et al (1934, 1941), Katz et al (1939), Blalock 
i (1940) and others have confirmed the original obse r vations of 
I 
: Goldblatt (1934) that clamping the renal artery produces a high 
blood pressure. Bouckaert, Grimson and Heymans (1939) and 
I 
I 
Prinzmetal, Lewis and Leo (1940) showed that increased amounts 
of renin are present in perfusates of ischemic kidneys of renal 
! hypert~nsive animals. Goormaght~gh and Grimson (1939) stated 
; that the source of renin is from the large 11 afibrillar" cells 
normally located in the media of the arteries that form the 
1 juxtaglomerular apparatus; renin may be produced by hyperactiv-
1 . 
· ity, mitosis or vacuolation of these afibrillar cells. How-
ever, angiotonin, discovered by Page and Helmer (1940), is the 
actual pressor substance and is formed from the reaction or· 
. renin and an renin-activator, an unknown blood globu.l.:i. Jl . 
Braasch, Walters and Hammer (1940) stated that if the 
renal lesion does not cause widespread a trophy of the renal I 
tissues and sclerosis of the renal vessels, then renal hyperten-
r sion will not be evoked. In support of this, Moritz and Oldt 
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(1937) reported upon autopsy that renal arteriolar sclerosis 
occurred in a very high percentage of patients with renal hype~ 
tension. They pointed out also that renal arteriolar disease 
may cause hypertension in man similar to the Goldblatt clamp 
type produced in animals. 
Braasch et al (1940) stated that renal insufficiency does 
not cause hypertension nor does renal hypertension eause renal 
dysfunction. Page (1937) could find no direct relationship 
between renal blood flow and the height of arterial pressure. 
He stated that marked reduction of blood flow through the 
kidney does not appear to be the major factor of renal hyper-
tension. He reported also that certain tumors of the kidney 
can produce renal hypertension, especially those whj.ch compress 
'I'he chief kidney disease causing hypertension was 
I
. the kidneys. 
found to be glomerulo-nephritis, inflammation of the ~lomerular l 
I apparatus (Page, 1937). 
Cellophane perinephritis, another method of production of 
renal hypertension in animals, was reported by Page (1939) and 
has been widely used with the Goldblatt clamp procedure in var-
ious laboratories. Page showed that placing a cellophane cap-
sule about the kidney produces peritoneal inflammation of the 
kidney (perinephritis) and in two or three weeks later causes 
a marked hypertension. 
Blalock and Levy (1937) reported that in order for chronic 
hypertension to result both kidneys must be clamped , since the 1 
, normal kidney appears to buffer the ischemic kidney. Blalock 
(1940) along with others suggested that a defective blood 
supply to the kidney prevents the latter from producing a 
"normal" amount of pressor substance, or perhaps the resulting 
hypertension may be due to a de crease in depressor substance. 
Either of these hypotheses has not at the present time been 
established. 
Goldblatt et al (1941) stated that renal hypertension in 
man is similar to that of experimental animals. Hypertension 
may be associated with an unilateral ischemic kidney, and re-
moval of the diseased kidney produces a fall of blood pressure 
to normal limits providing the other kidney is normal. 
2. Effect of Neurogenic Hypertension on Renal Function 
Recently, Foster and Maes ( 1947) produced acute neurogenic ll 
hypertension in ten male rabbits and noted the effect on renal 
plasma flow and the glomerular filtration rate. They pointed 
out that the kidneys respond independently 
pressure even when they are denervated and 
to an elevated blood !! 
the adrenals demed- :1 
They reported that an average pressure increase of ulla ted. 
I 43 per cent produced an increase in the renal plasma flow of 
I 
5 per cent and in the glomerular fj_ltration rate of 8 per cent; 
however, three rabbits showed a de·crease in the filtration 
' rate. In all cases, however, a rise in pheri pheral resistance 
occurred afferent to the glomeruli. It appears that the neuro-
11 
genic hypertension causes a slight increase in renal function. 
1 
The observations above lack confirmation; thus, it is too early : 
li 
t== 
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, at the present time to evaluate the above results. 
3. Effect_£f~pathectomy and Renal Denerva.ti~ 
Page (1937) reported that the renal hypertension, result-
ing from constriction by the Goldblatt clamp, was neither pre-
1 vented from being established nor abolished by the following 
surgical procedures: 11 (1) renal denervation, (2) splanchnic 
nerve section, (3) anterior spinal nerve root section (six th 
thoracic to first lumbar segments), (4) total sympathectomy and l 
(5 ) destruction of the spinal cord." He concluded, therefore, 
that the nervous system does not take part in the genesis of 
renal hypertension. He pointed out that only upon removal of 
the clamp, does the hypertension disappear. Glenn and Lasher 
( 1938) showed also tb.at in six renal hypertensive dogs spinal 
cord section below the fifth cervical level failed to affect 
the elevated blood pressure. Dock (1940), on the other hand, 
1 noted that pithing the central nervous system of renal hyper-
!, tens i ve rabbits caused a rapid fall in the blood pres sure to 
·II levels equal to the control animals. Injection of epine phrine 
1
1
1 in the pithed rabbits evoked a rise in the blood pressure. 
Blalock (1940), Peet, Woods and Braden (1940, Grimson 
I I (1941), Goldblatt, Kahn and Lewis (1942), and others have 
1 pointed out that attempts to relieve renal hypertension by 
division of the aplanchnic nerves, . removal of the unilateral 
diseased kidneys and total sympathectomy produce very incon-
sistent results, indicating that such procedures are not ade-
quate. Peet, Woods and Braden (1940) stated that the renal 
,, 
,, 
il 
75. 
I sympathetic vasoconstrictor nerves may be hyperactive; however, ll 
when these workers denervated the kidneys, they were unable to 
I I' show that cutting the renal vasoconstrictor nerves reduces the 
,I 
II 
hypertension. Crabtree and Chaset (1942) reported that removal 
of' the diseased kidney is not to be encouraged in the hyperten-!1 
sive cases; they stated that following nephrectomy no appreci-
able reduction in the blood pressure occurred in the patients I 
studied. They concluded t ha t since the exact etiological agent1
1
: 
. II 
of' renal hypertension is unknown , nephrectomy should be at- 1 
tempted only in the cases for other renal involvmen t . 1! 
I 
Goldblatt, Kahn, Bayless and Simon (1940) failed to notice
1 
in renal hypertensive dogs that excision of the carotid sinus 
causes a further rise in the blood pre ssure. However , Grimson 
•' 
:1 (1941) performed in nine dogs total sjrnpathectomy except for 
!J 
I 
I 
I 
I 
the innervation to the adrenals and kidneys and next sectioned 
the four depressor nerves to see if' a reflex sympathetic stimu-
lation of' the kidney and adrenals would effect hype r tension. 
I n t h is procedure, section of' the depressor nerves can inf'lu-
ence only the sympathetics to the adrenals and kidneys . Of 
the nine dogs studied, seven underwent depressor ne ve section 
and showed moderate hypertension; since there was the added 
factor of increased adrenalin secretion, five of the above dogs ll 
underwent renal denervation, with the result that the renal 
hypertension was much reduced. Grimson suggested that some 
correlation exists between experimental neurogenic and renal 
~==================================================7~6~·~======== 
'I II hypertension. 
1 
II In la. ter work, Grims on ( 1945) studied the effects of cer- I, 
\1 vical cord section on renal and on early and late neurogenic 
l 
II 
'i 
' 
hypertensive· dogs . The neurogenic hypertension can be relieved 
by complete sympathectomy; the renal hypertension, howeveJ?, was r 
unaffected by complete sympathectomy due to the presence Tohfl. s 1
1 angiotonin, which cau==1es vasoconstriction in all cases . 
~ author claimed that vasomotor instability may in~tiate hyper-
! 
I 
I 
I 
I 
~I 
tension and later cause arteriolar disease and a renal hyper-
tension. If vasomotor instability were the cause of hyperten-
sion , then sympathectomy might prevent · the latter ; however , if 
arteriolar disease were the etiological age'nt, only minor if 
any relief could result. He stated that renal hypertens:Lon was ll 
later "superseded tt by a neurogenic hypertension, and · that 
hypertensj_ve persons had a varying degree ·of both types of 
hypertension and arteriolar disease. Due to the fa ct that 
cerv1cal cord section fails to ~elieve the rise· i~ blood pres-
sure of renal hypertensive dogs, but effects a fall in the 
blood pressure of the neurogenic hypertensive ani mals, Grimson 
concluded that the neurogenic hypertension fails to develop a 
detectable humoral vasoconstrictor substance. 
Grollman ( 1946) disagreed with many worl{ers who claimed · 
that 11 chronic" renal hype r tension is due to the liberation of 
a pressor substance into the circulation by an ischemic kidney. 
He pointed <to. the fact that removal of a constricted kidney 
does not abolish the high blood pressure , which even persi·sts 
lj 
I. 
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·I in the absence of all renal tissue. He concluded that although 
the immediate rise in blood pressure produced by renal ischemia ' 
is humoral in origin, it is unrelated to the "chroni c rise 11 
which takes place afterwards and to the pathogenesis, which may 1 
be neurogenic instead. The fact that the chronic hypertension, 
1 
:j of renal origin, can be maintained in the absence of all renal 
1 
li 
II 
tissue supports the above observations of Grimson (1945) and 
others who sug8est that there exists some correlation between 
Ill the two t ypes of hypertension, the exact nature of which has 
J/ yet to be determined. 
tl 
I I c. Relief of Neurogenic Hypertension 
In order to determine if certain experimental procedures 
I I will relieve high blood pressure, a sustained chronic neuro-
11 
genic hypertension must be produced to be of any significance. 
IVIany workers (Goldblatt et al, 1940, and others) failed to show 
I 
:I 
neurogenic hypertension because of the incompleteness in the 
methods of production of this type of hypertension. Grimson 
(1941) stated that all four depressor nerves, both the carotid 
sinus and aortic afferents, must be severed to produce a 
"sustained" neurogenic hypertension. He pointed out that if 
II 
I' 
I 
three depressor nerves are severed, the remaining depressor 'r 
maintenance of a sustained chronic hyper- 1 nerve can prevent the 
tension. In order to eliminate any conpensatory activity of 
the depressor mechanism, it is evident that all four depressor 1 
nerves must be inactivated. 
_j 
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1. Renal Denervation 
Grimson (1940) reported that renal denervation alone I 
neithe r prevented nor appreciably altered the hypertension pro- I 
duced in normal dogs by section of the depressor nerves. In 
the dogs completely sympathectomized except for the sympathetic J 
/1 innervation to the kidneys and adrenal glands, renal denervation: 
· in four of the seven dogs res to red the blood pres sure to about ~~ 
the normal limits. Grimson (1941, 1945) confirmed the above 
observations. Grimson (1941) stated that the hypertension 
which resulted from depressor nerve section in the dogs sympa-
thectomized except for the renal and adrenal innervation, ap-
peared to be renal in origin since renal denervation greatly 
reduced the blood pressure level in some of these dogs. How-
ever, even renal denervation did not prevent the ri se in the 
I 
I 
blood pressure which occurred much later. Grimson (1945) atate~ 
that the relative importance of the kidney in experi.mental I
I 
neurogenic hypertension is unknown. From the indications above J 
I 
renal denervation does very little to alter the blood pressure 
level in experimental neurogenic hypertension. 
2. Cervical Cord Section 
Section of the spinal cord was normally found to produce 
a marked fall in the blood pressure (McDowall, 1935). Grimson 
(1945) determined the effect of a low cervical cord section on 
dogs with early neurogenic hypertension (122 to 174 days) and 
1 late neurogenic hypertension (15 to 22 months) and compared the 
~v===============================================================~========= 
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results with those of the renal hypertensive dogs and the norma~, 
controls. All of the above dogs showed an immediate drop in 
blood pressure following section of the spinal cord. The renal I 
hypertensive dogs after cervical cord section showed an increase 
in the blood pressure when the circulation was improved by in-
jection of saline solutions. This rise in the blood pressure 
l
was attributed to the presence of a humoral vasoconstrictor I 
i 
/ 1 substance. In the neurogenic dogs, however, there was a marked 1 
j: reduction in the blood pressure to levels lower than in the 
I 
1: normal dogs. The fall in the blood pressure was slightly more ,, 
II 
I 
1: pronounced in the dogs with early hypertension than with late I 
11 hypertension . Grimson pointed out that renal vasoconstriction 
J can evoke a rise in the pressure level of the neurogenic hyper-
J tensive dogs. He concluded that spinal cord section effects a 
loss of the normal vasopressor tonic influence to the whole 
circulation, leaving very little humoral and intrinsic periph-
eral vascular tone. If a humoral vasoconstrictor substance is 
present in all of the above hypertensive cases, it is insuffi-
cient to maintain the blood pressure level in these experiments ' 
equal to the normal controls, It is evident that neurogenic 
hypertensive dogs do not develop a detectable vasoconstrictor 
substance as angiotonin in the renal hypertensive cases; the 
I :1 
j fact that the renal hypertensive dogs were able to present for '/ 
I 1
1 il ·a short time a fall in the blood pressure upon s pinal cord 
1
!
1 
section confirms this statement. 11It appears evident that 
lj spinal cord section removes vascular tone, particularly the I i II 
I --~ 
I 
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tonic effect of the thoraco-lumbar outflow , and thereby causes 
reduction in the blood pressure in all cases. 
3. Partial and Complete Sympathectomz 
Heymans and Bouckaert (1935) stated that only complete 
sympathectomy can relieve experimental neurogenic hypertension. 
They showed in the dog that section of both the splanchnic 
nerves and the other abdominal sympathetics did not relieve 
the hypertension, nor was the latter altered when they also 
i excised the celiac and superior mesentric ganglia. However , 
I when these workers next removed the thoracic sympathetic chain 
i l bilaterally along with the other sympathectomies above, t hey 
I 
obtained a marked re duction in the blood pressure, which was a 
result of complete sympathectomy. On the other hand, Nowak and 
I Walker ( 1939) reported that in dogs total sympathectomy per -
formed before section of the depressor nerves failed to prevent 
a slight increase in the blood pressure. They reported also 
I 
I 
I 
J that section of the splanchnic nerves, which causes an immediat 
drop in the blood pressure, fails to prevent the gradual devel - · 
opment of hypertension later on, thus indi cating the inadequacy 1 
of this latter procedure to relieve hypertension. I 
Wilson, Roome and Grimson (1936) performed total s;ympathec 1
1 tomy in dogs and reported that a marked reduction in blood pres-' 
sure results over a long period of time. Grimson; Wilson and 
Phemister (1937) reported that an immediate fall in blood pres- II 
~ ~ 
,
1
. sure followed both partial and complete sympathectomy , but 
\
1 
noted that moderate rises in the pressure level occurred in the 
1 81. i 
partially sympathectomized dogs and later, to a lesser degree, 
in the completely sympathectomized animals. Grimson, 
/
1 
and Phemister reported also that dogs in a few months 
I 
U lson 
after 
I sympathectomy, appeared to recover a "new central vasomotor 
,, 
1
1 mechanism, 11 which restores their blood pressure to the pre-
operative level. Grimson (1940) confirmed this later observa-
1 
11 tion. He reported that upon removal of the paravertebral 
~ sympathe;tiG - trunk in 11 normal 11 dogs, t he blood pressure was 
II 
re duced. Because of t he fact t hat in a few months a new vaso-
II mo t or mechanism appears and raises 
II II 
ji the author sectioned the depressor 
the blood pressure level, 
nerves fourteen to twenty-
elevation in blood pressure 11 1 nine days after the operation. No 
II 
•I 
II was observed after thirty days. However months later the dogs 
II 
il 
i! 
developed a higher blood pressure than .at the pre operative 
level. He suggested, therefore, that the new vasoconstrictor 
mechani sm is influenced by the depressor nerves. Likewise, 
total s ympa the c tomy lowered the blood pressure of t hree "neuro- I 
genic hypertensive 11 dogs over a pe riod of thirty to forty days; I! 
however, after this time, two of t b.e dogs showed a marked re-
covery of the blood pressure. The recovery of the high blood 
pressure, moreover, in the hypertensive dogs exceeded the re-
covery which followed the paravertebral sympathectomy in the 
normal dogs. Grimson concluded that partial and complete 
sympathectomies fail to abolish the high blood pressure in 
neurogenic hypertensive dogs. 
Grimson (1941) reexamined the role of the sympa thetic 
li 
I' 
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I nervous system in neurogenic . hypertension. In the first experi- 1 
! ment, he set out to determine the effect of section of the de-
j 
I pressor nerves in paravertebral sympa thectomized dogs "before 11 'I I 
and "after" the recovery of the new central vasomotor influence 
reported by Grimsori et al (1937). Depressor nerve section /' 
II 
within one month after the dogs were sympathectomized prevented 
. I 
1 the immediate rise in blood pressure which usually follows de-
l: pressor nerve section, but did not abolish the late hyperten- 1: 
II
' sion which dave lops. Depressor nerve section sixteen to seven- 11 
teen months after the dogs were S)~pathectomized to allow for 
II 
recovery to the preoperative level, did not check the rise in 
blood pressure at any time following the depressor nerve sec-
li tion. This indicates that total paravertebral sympathectomy 
,1 wi 11 reduce for a while neurogenic hypertension providing the 
!1 depressor nerves are cut before the onset of a new vasoconstric-
1 tor influence which effects partial recovery of vaseular tone. 
[ In the next four experiments, Grimson showed that the r i se in 
I 
j blood pressure 
I . 
of neurogenic hypertensive dogs was not reduced lj 
I by ( 1) section of the splanchnic nerves and abdominal sympathe- I 
!I ! 
II tics, (2) excision of the celiac ganglion in addition to i 
splanchnic resection and abdominal sympathectomy, (3) bilateral ~ 
!i excision of the lower six thoracic and first lumbar s'Yillpathetic j~ 
ganglia, or by (4) upper six thoracic ganglicmectomy. This 
author stated that many cases of· hypertens;ion are due to the 
1 expression of' central vasopressor ef'fects reflexly through the 
sympathetic nervous system; sypathectomy may be of some benef'it 1 
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' in these cases. However such a surgical procedure is limited 
l
ljl' by the incomplete central vasomotor recovery which follows 
sympathectomy. He pointed out also that an increased periph-
'' II eral resistance due to vascular pathology would be unaffected 
in some cases by the use of sympathectomy. He concluded, how- ' 
ever, that total sympathectomy prevents for a while the rise inl 
:1 blood pressure that results from section of the depressor 
I 
I nerves. Since various incomplete sympathectomies have failed 
to prevent neurogenic hypertension, he suggested that total 
I 
sympathectomy may be of greater benefit than partial sympathec- 11 
tomy to relieve the elevated blood pressure. 
Neurogenic hypertension produced by an increased intra-
cranial pressure has been shown to be completely abolished by 
total sympathectomy; however, partial sympathectomy can not . 
eliminate this type of hypertension (Page, 1937, Gri.mson et al, 
, 1937, Freeman and Jeffers, 1940 and others). Freeman and l 
Jeffers reported also that cardiac and adrenal sympathetic 
denervation can abolish this type of neurogenic hypertension; 
however this observation requires confirmation. 
Very recently Fishberg ( 1948) presented evidence to evalu- 11 
ate sympathectomy for essential (non-renal) hypertension. Of 
the one hundred and nineteen patients with essential hyper-
tension, one hundred and nine had Smithwick's thoraco-lumbar 
sympathec tomy; eight had a supradiaphr13-gmatic sympathectomy; 
and two had an infradiaphragmatic sympathectomy. Before the 
operation, the chief symptoms were as follows! severe headache 
,, 
l 
Fishberg noted that sympathectomy reduced the diastolic pres-
sure 25 per cent or more in thirty patients and improved the 
I 
symptoms, especially headaches, in 59 per cent of the patients . I 
However, in not one of the patients did sympathectomy abolish I 
I 
I 
the hypertension. 
Fishberg noted further that headaches and retinal lesions I 
were more favorably relieved than the other symptoms by s ympa- I 
thectomy, because this operation tends to redistribute cardiac 
output so that a smaller portion than the preoperati.ve amount r 
I 
goes to the head region. Although a lo·wered blood pressure a nd i 
a decrease in response to emotional stimull greatly relieves 
the headache and retinal lesions, relief can occur also when 
t ll e high blood pressure is unaltered. Indication of the redis-
tribution of the blood from the cephalic to the caudal portion 
I 
of the body was evident. Shortly after the sympathectomy, the 1 i 
' 
,: 
hands were colder than the feet; normally the opposite occurs. 
The cold hands and warm feet indicate that blood flow has been 
redistributed to the caudal portion of the body. Secondly , in 
II 
I' 
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severe hyper tensive cases with retinal lesions, retinal arteri 1 
olar constriction persisted after sympathectomy; however, this j 
can be expected since the retinal vessels are not denervated. I 
Thirdly, in some of the cases a marked fall in blood pressure 
occurred in the erect posture. 'I'he author stated that thoraco-l 
lumbar sympathectomy denervates the vessels of the caudal partsll 
II 
of the body, thus eliminatlng the vasoconstrictor tone and I 
thereby removing peripheral resistance to blood flow. The re- I 
sult causes an increase in the fraction of the cardiac output 
which goes to the caudal portion that in turn effects a de-
crease in the fraction which goes to the cephalic portion 
(total cardiac output being constant). 
" I 
Fishberg pointed out also that sympathectomy should not be ll 
attempted for patients who have marked renal dysfunction, un-
improved congestive heart failure, auricular fibrillation, 
arte r iosclerosis of the brain, head and extremities, or low 
diastolic pressure. He advised against sympathe' cto~y for 
patients over fifty-five years old since the probability of 
arteriosclerosis is great. Symptoms due to arteriosclerosis 
I 
I 
il 
I 
!I 
may be "aggravated" by sympathe ctomy dy.e to the abrupt fall in ·I 
I the blood pressure. He pointed out, on the other hand, t h at if l 
patients fail to res pond to rigid limitation of sodium chloride 
and to rest, sympathectomy may be advisable. In conclusion, 
however , the author stated that since sympathectomy does not 
cure hypertension but offers some symptomatic relief', sympa-
thectomy is suggested in less than 4 per cent of the patients 
'I 
II 
I 
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From this and other observations 
does very little to relieve 
hypertension. If, however, the relief of severe symptoms of 
hypertension improves the health of the individual, sympa-
thectomy may be advisable. 
~chotherapeutic Treatment 
Robinson (1940) noted that in a few cases of essential 
hypertension, repressed conflicts play an important part in 
maintaining t he hypertension . He stated further that psycho-
therapy may dig out the emotional conflict to relieve this type 
I! 
of hypertension. If the emotional disturbance can be outwardly J 
expressed, the anxiety state, which is related to the hyper-
tension, is reduced. 
I 
Weiss (1942) stated that many of the SJ1111ptoms occurring in /
1 
hypertension are emotional in origin, so that "incapacity" is 
sometimes not essential for hypertensive persons. Be stated 
that it would be a greater benefit in such cases to reeducate 
I 
By 
I 
I 
the patients to carry on rather than to rest continually. 
keeping busy, the patients may unconsciously turn outward the 
inhibited aggression. He stated that tension which can not be Jl 
released through ordinary channels (words or action may be 
manifested in the circulatory system and add to the hyperten-
sian. If the patient would discuss his problems with the 
physician, it may release some of the inhibited aggJ~ession; 
however, Weiss pointed out that most of the time patients do 
1-
I 
I 
I 
II 
·I 
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' not know what actually disturbs them, nor do they r 13late their 
emotional conflicts to the physician. Thus Weiss concluded 
l',i 
II 
I 
i 
II 
II 
r 
that the only approach of any merit is to encourage the patient 
to talk about himself as a person rather than as a patient. If I 
the emotional conflict can be treated to self-directed expres-
sion, the anxiety state may be relieved, which in turn may or 
may not reduce the hypertension. Although the psychotherapeu-
tic approach may not lower the blood pressure of the patient, 
it can modify the emotional state of the individual. Ji 
Not enough concern has been given to the emotional life oJ 
i the patient, which may be important in the maintenance of the 
hypertension. Psychotherapy tries to evaluate the "emotional" I 
state and to turn outwardly the repressed hostility ,; often 
times the blood pressure is reduced as a result of this treat-
ment (Weiss). However, psychotherapy is very limited in the 
treatment of neurogenic hypertension; not all cases of neuro-
genic hypertension have been found to contain an emotional 
component. Those cases which have an emotional component are 
not always successfully treated by psychotherapy . Newer 
methods of psychotherapy may have a greater percentage of re-
lief for this type of neurogenic hypertension. 
Jl 
II 
ss. /1 
I' VI. SUMMARY 
1. The tonicity of the blood vessels is maintained by II 
II 1
1 
nervous and chemical influences acting on the vasomotor cen-
Temperature stimulation also affects vascular tone. Of 11 ters. 
i! ::1:::~: ::::~~:r: .. :a::::::d b::, n::~:u:h:n:r:::: :~: r: ::m:::- 11 
,I I 
1! tion. 1 
'II 2. The peripheral resistance to blood flow is the most I' 
. important factor in hypertension. An increase in the peri ph- I' 
'I 
:I 
eral resistance may be due to intrinsic or neurogenic hyper-
tonus or may involve both types to some degree. Blood vis-
cosity and cardiac output are usually not factors in hyper-
tension. 
3 •. 
,, 
l 
I 
Central vasomotor instability may result from cerebral ' 
!/ cortical stimulation or an increased intracranial pressure. 
II Emotional conflicts may also enter into the genesis of the 
hypertension. 
4. The intrinsic cardiovascular reflexes regulate the 
blood pressure. The Bainbridge reflex is concerned with re-
lieving the heart of excessive venous filling. The carotid 
sinus reflex is predominantly concerned with the vasomotor 
regulation, while the aortlc depressor mechanism is concerned 
more with the cardiac regulation. The vagal and sympathetic 
nerves interact in a certain phase of time sequence to control 
the cardiac rate. The vagus nerve also contains an afferent 
I 
II 
I 
II 
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I pressor component which is media ted through the neurohypophysis~ 
The pressor reflexes of the carotid and aortic bodies are con-
cerned more with the respiratory than circulatory system. 
5. The thoraco-lumbar outflow maintains vascular tone 
:1 under the control . of the vasomotor• centers. The hypothalamus 
'I 
appears to be the seat of sympathetic activity. Strong central 
stimulation causes a unified sympa the ctic activity, which is II 
mediated through the hypoth~lamus and which effects an increase 
I 
, in the vasoendocrine secretions. 
I 
,, 
6. Section of the carotid sinus and aortic depressor 
nerves produces a sustained experimental neurogenic hyperten-
sion. Cerebral vascular ischemia or an increased intracranial 
pressure can produce neurogenic hypertension. Renal hyperten-
sion, on the other hand, can be produced by a Goldb l att clamp 
or a Page cellophane capsule. Chronic renal hypertension can 
be maintained in the absehce of all renal tissue, indicating 
that the nervous system plays a role in the late stages of 
renal hypertension. Neither renal denervation or sympathectomy 
reduces renal hypertension. Neurogenic hypertension, unlike 
renal hypertension, does not develop a detectable humoral vaso-
constrictor substance. 
7. Partial s ympa the c to my and renal de nervation fai 1 to 
I alter neurogenic hypertension. 
I 
Complete sympathectomy , al -
though it reduces experimental neurogenic hypertension immedi-
I' ~I ately following section of the depressor nerves, fails to pre-
vent the later development of the hypertension. After total 
II 
sympathectomy, a new central vasomotor center may appear and 
' produce moderate hypertension. In man, total sympathectomy 
sometimes relieves the severe symptoms which may accompany 
neurogenic hypertension. In cases whe re where there is an 
r 
'I 
!I 
emotional component, psychotherapy relieves some of the 
that aggravates the hypertension. 
go •
11 
I 
I 
I 
VII. ABSTRACT 
II 
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The medulla oblongta contains two distinct vasomotor cen- 1 
ters, the vasoconstrictor and the vasodilator. vascular tone 
is enhanced by vasoconstictor impulses and relaxed by vase-
II dilator impulses. Hooker (1918) and Donegan (1921) reported 
II 
,, 
II 
II 
that venous blood vesselt are under the same tonic influences 
as the arterial vessels . The capillaries, on the other hand , 
lack a muscular coat and can not respo~d to stimulation. 
ever, Fulton and Lutz (1940) directly observed in the frog 
tha t precapillaries and capillary origins contain modified 
How-
smooth muscle cells, which are innervated by a nerve plexus I 
The j physiologically independent of the supplying arterioles. 
sphincter-like capillary origins regulate the capillary blood 
1 flow. I! 
Dale and Evans (1922) reported that carbon diox ide direct _!: 
ly stimulates the vasoconstrictor center. McDowall (1930) 
showed that oxygen lack also excites the vasoconstrictor center! 
I and in later work ( 1935) reported that the effect of oxygen I 
I' 
I! 
I! 
II 
IJ 
I 
I 
1 
lack is not as great as that of excess carbon dioxide. 1\dren-
a.lin and pitressin in moderate doses cause vasoconstriction. 
I 
Burget and Visscher (1927) 
stricts or dilates a blood 
reported that whether adrenal in con l l 
vessel depends on the pH of the 1 
adrenalin cause vasoconstriction in II blood. Smaller amounts of 
a more alkaline medium. Lewis and Zotterman (1927) reported 
that any strong chemical and ultraviolet light produce a flare 
'I 
I 
I 
reaction. 
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Menkin (1936) reported that inflammatory substances 
iJ cause an immediate local vasodilation and increase the ca.pil-
lll la.ry permeability. 
j 
I 
;, 
'I 
il 
,, 
'I 
i 
Temperature changes influence both innervated and dener-
va. ted vessels . Cold stimuli effect vasoconstriction and wa rm 
stimuli cause vasodilatation. Howell, Budgett and Leonard 
{1894) noticed that the vasocons.trictor nerves are more sus-
ceptible to temperature changes than the vasodilators. 
McDowall (1930) reported that the vasodilator effect lasts 
longer than the vasoconstrictor effect. Excessive temperature 1 
changes produce inconsistent results. 
Abnormal vasoconstriction causes a.n increase in the pe-
ripheral resistance of the blood vessels . Page (1937) stated 
that a.n increased resistance to flow appears to be the major 
if not sole factor in the production of hypertension. Blood 
viscosity does not appear to be a. factor in increasing the 
peripheral resistance. That peripheral resistance is of vaso-
motor origin or due to "intrinsic spasms" of the blood vessels 111 
is a very controversial subject (Page, 1937). The main control ; 
I of peripheral res is tanee is in the varia. t i on of the . contrac tioJ 
of the musculature of the vessels, whi ch is normally under 
nervous and chemical influences. However in the various types 
of hypertension, several factors may exist which cause an in-
11 creased peripheral res is ta.nce. 
1/ The cardiac output is usually unchanged in hypertension. 
I 
I 
I 
Page (1937) reported t hat only in cases of hyperthyroidism is 
II 
II ,, 
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an increased cardiac output evident. 
r ,, 
II 
I 
The medullary centers may become hyperactive and cause 
hypertension. The abnormal vasoconstrictor response following 
cold stimulation suggests vasomotor .instability (Hines, 1940a, 
and Grimson, 1941). Fulton ( 1943) stimulated areas 4 and 6 of ,~ 
the cerebral cortex of the cat and produced a marked rise in 
, the systolic pressure. Frontal lobe stimulation also raises 
II the blood pressure (Bailey and Sweet, 1940). 
ll An increased intracranial pressure effects marked hyper-
tension (Griffith, Jeffers and Lindauer, 1935). Griffith and 
Roberts (1938) suggested that hypertension results from the ob~ ! 
struction of the perineural-lymphatic drainage. Grimson, 
Wilson and Phemister (1937) and Freeman and Jeffers (1940) re-
ported that sympathectomy abolishes this type of hypertension. 
Alexander (1939) stated that emotional conflicts may 
either enter into the onset of hypertension or aggravate the 
existing symptoms. Weiss (1942) reported that emotional ten-
sion due to a chronic repressed rage ,is· responsible for in-
creasing both the anxiety state and tha blood pressure. Psy-
chotherapy may dig out the emotional conflict and relieve the 
anxiety that aggr avates the hypertension. 
The autonomic nervous system with the intrinsic card:to - --
vascular reflexes regulate the blood pressure. 'I'he pressor 
reflex of the heart and large veins shifts the large venous 
reservoir to the arterial system (Bainbridge, 1915). Nonidez 
(1937) reported subendothelial pressoreceptors in the intra-
II, 
I 
II 
, I 
I 
,I 
'I 
'I I 
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pericardial portion of all the large veins entering the heart 
and in the coronary sinus near the right auricle. Nonidez 
stated that the Bainbridge reflex is due to stimulation of the 
I• 
pressoreceptors of the veins and that auricular distention does
1 
not actively initiate the reflex ce.rdiac acceleration . 
I 
The carotid sinus cardiovascular reflex causes a sustained jl 
I 
vasodi lata tion (Viinder , 1937) . That the carotid sinus cs.rdiac 1 
,, 
reflex is more poorly maintained than the sinus vasomotor re- I 
flex is shown by the fact that there is a larger crossed com-
ponent of the efferent vasomotor pathway than the efferent 
cardiac pathway, and that the former shows the process of 
occlusion, while the latter shows the process of facilitation 
(Wang and Borison, l947b). 
II. Winder (1937) pointed out that the aortic cardiovascular . il 
II I mechanism has a great buffering effect on the carotid sinus r ,I 
I 
I 
J 
I 
I 
I 
I 
~ ~I 
II 
I 
If 
il 
I! 
system . The aortic system is concerned more with cardiac con-
trol than the vasomotor regulation (Blalock, 1940) . 
The vagi and sympathetics appear to act reciprocally in a 
certain time sequence in cardiac control via the carotid sinus 
reflex . 'Nang and Boris on ( 1947a) showed that the vagi predom-
inate in the first and the sympathetics in the last phase of 
the sequence in cardiac restraint. vagal bradycardia is inde- 1 
pendent, however, of the sympathetic component. 
Sattler (1940) stated that stimulation of the central end 
of the cut vagus nerve produces a reflex rise in the blood 
pressure. Two components exist in the reflex, a s udden rise 
95. 
(sympa thetic effect) and a delayed rise (vago-neurohypophysial I 
I' 
il 
! 
effect) . 
Schmidt and Comroe (1940) reported that chemical stimu-
lation of the carotid and aortic bodies causes a reflex pres-
1j sor effect. 
I 
The chemoreceptors have a lower threshold to 
:! 
I anoxia than the vasomotor centers; with carbon dioxide, the 
opposide is the case. The pH of the blood is more important 
than excess carbon dioxide in exciting the chemore ce:ptors. 
I These workers suggested that only in the hypertension of anoxia 
do the chemoreceptors play an important 'role. · 
Ranson (1936) postulated that the sympathetic center is 
located in the posterior region of the hypothalamus ·and the 
parasympathetic center in the anterior hypothalamic area. The 
hypothalamus has direct connections with the brain stem and 
lowe r centers as well as indirect connections with the cere-
bral cortex ; during intense emotional excitement , the hypothal 
amus unifies the activity of the sympathetic nervous system. 
Removal of this organ prevents the formatlon of a fully devel-
oped emo tional response. 
Page (1937) stated that vasoendocrine secretions either j 
directly enhance vascular tone and arterial pressure or combine ! 
~ with other secretions to this effect. 
'I 
I 
The adrenal cortical 
secretions are very important in maintaining vascular tone and 
may enter into the genesis of renal hypertension . 
l Heymans and BouckaeBt (1931) reported that section of the 
carotid sinus and the aortic depressor nerves produces a sus-
96. 
tained neurogenic hypertension. Winder, Bernthal and 1r.reeks 
(1938) reported that carotid body ischemia greatly excites the 
chamoreceptors to cause hypertension. Nowak and Walker (1939) 
and Blalock (1940) reported that cerebral vascular ischemia 
causes hypertension providing the collateral circulation is 
also affected. 
Renal hypertension can be produced by clamping t he renal 
artery (Goldblatt, Lynch, Hanzal and Summerville, 1934) or by a 
capsule about the kidney (Page, 1939). Braasch, Walters and 
Hammer (1940 ) stated that the renal lesion must cause wide-
spread atrophy of the renal tissues and sclerosis of the renal 
vessels to cause renal hypertension. 
Foster and Maes {1947) reported that in rabbits neurogenic 
hypertension caused an increase in the renal plasm~ flow and 
glomerular filtration rate. 
Grimson (1941) and Goldblatt, Kahn and Lewis (1942) re-
ported that neither renal denervation or any type of sympathec-
tomy abolishes renal hypertension. Feet, Woods and Braden 
(1940) failed to show that the renal vasoconstrictor nerves 
are hyperactive in renal hypertension. Grollman (1946) report-' 
ed that chronic renal hypertension is maintained not by a 
humoral process but by a neurogenic ~actor; removal o~ the 
diseased kidney or all renal tissue does not lower the blood 
pres sure. 
Grimson (1940) reported that renal denervation, partial 
and complete sympathectomy all fail to prevent neurogenic 
97. 
hypertension. Grimson (1945) reported that cervical cord sec-
tion does not permanently reduce the hypertension. Grimson, 
Wilson and Phemister (1937) reported a new central vasopressor 
mechanism appears after total sympathectomy which maintains a 
moderate hypertension. 
Fishberg (1948) reported that sympathectomy was useful in 
less than 4 per cent of the cases with essential hypertension. 
If the symptoms of hypertension are severe, sympathectomy may 
offer some relief. 
" ,I 
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